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"Counterpart" method for abundance determinations in H n regions 
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ABSTRACT 

We suggest a new way of the determining abundances and electron temperatures in He re- 
gions from strong emission lines. Our approach is based on the standard assumption that Hn 
regions with similar intensities of strong emission lines have similar physical properties and 
abundances. A "counterpart" for a studied H n region may be chosen among H n regions with 
well-measured abundances (reference H n regions) by comparison of carefully chosen com- 
binations of strong line intensities. Then the abundances in the investigated H n region can be 
assumed to be the same as those in its counterpart. In other words, we suggest to determine 
the abundances in Hn regions "by precedent". To get more reliable abundances for the con- 
sidered H ii region, a number of reference H n regions is selected and then the abundances in 
the target Hn region are estimated through extra-/interpolation. We will refer to this method 
of abundance determination as the counterpart method or, for brevity, the C method. We de- 
fine a sample of reference H n regions and verify the validity of the C method. We find that 
this method produces reliable abundances. Finally, the C method is used to obtain the radial 
abundance distributions in the extended discs of the spiral galaxies M 83, NGC 4625 and 
NGC 628. 
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1 INTRODUCTION 

Metallicities play a key role in many studies of galaxies. While 
absorption line indices are widely used to derive the metallic- 
ities of older stellar populations, gas-phase oxygen abundances 
are the best means to estimate the present-day metallicities. 
Since emission lines in the spectra of Hn regions are eas- 
ily measurable across a wide range of extragalactic distances, 
they are generally considered the most powerful indicators of 
the present-day chemical composition of star-forming galaxies. 
The spectra of a large number of individual Hn regions in 



(seelMcCalletal. 1985: Zaritskv et al. 19941; vanZeeetalJ 


1998; 


van Zee & Havnes 1 12006; Izotov et al. 19971; Izotov & Thuan 


1998bl 12004; Kehrieetal. 2004; iBresolin et al. 1999. 


2005, 


2009allbl: Lopez-Sanchez & Estebanl 20091: GusevaetalJ 


2011, 



among many others). These spectroscopic measurements provide 
the basis for investigations of metallicity properties of galax- 
ies such as radial abundance gradients, mean metallicities, etc., 



dVila-Costas & Edmunds 1 1992 : Izaritskv et al.ll994l : lvan Zee et all 
ll998l : |Pilvugin et alJl20o4. among others). 

The H ii regions ionised by stars (or star clusters) form a well- 
defined fundamental sequence in different emission-line diagrams. 
The existence of such a fundamental sequence provides the basis 
of various investigations of extragalactic Hn regions. In particu- 
lar, iBaldwin. Phil lips & Te rlevichl dl98ll) suggested that the posi- 



tion of an object in some well-chosen emission-line diagrams can 
be used to separate H n regions ionised by stars from other types 
of emission-line objects. This idea has found general acceptance 
and is widely used. Thus, the [O m]^5007/HyS vs. [Nn]A6584/Ha 
diagram is often used to distinguish between H n regions and ac- 
tive galactic nuclei (AGNs). However, the exact location of the 
dividin g line between Hn regions and AGNs is still controver- 
sial jKewlevetalJ 1200 ll ; iKauffmann eTafl 120031 ; | Stasihs ka et al.l 
2006). It has been argued that the binary classification scheme for 
emission line galaxies (subdividing into star-forming galaxies and 
AGNs) is oversimplified and a revised cla ssification scheme in- 
volving more classes shou ld be considered (Stasihska et alj|2~008l : 
ICid Fernandes et al.l2oTTh . 

IPagel et alj Jl979l) and lAlloin et alj dl979l) suggested that 
the positions of Hn regions in some emission-line diagrams 
can be calibrated in terms of their oxygen abundances. This 
approach to abundance determination in Hn regions, usually 
referred to as the "strong-line method" or "strong-line cali- 
brations" has been widely adopted. Numerous relations have 
been suggested to convert metallicity-sensitive emission-line ra- 
tios into metallicity or temperature estimates (Dopita & Evans I 
1 1 9861: iMcGaugh II 1 99 ll: [Zaritskv et al.ll 1 994r iPilvugin Il2000l 1200 ll: 
Kewlev & Dopita ll2002!;|Pilvugin & Thuan|2005l : rPettini & Pagell 
l2004l ; lTremonti et al.ll2004l : IStasinska 1120061. among many others). 

It should be stressed that strong-line calibrations for oxygen 
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abundances do not form a uniform "family". Basically, there are 
two types. The calibrations of the first type are the empirical cali- 
brations, established on the basis of H n regions in which the oxy- 
gen abundances are determined through the T e method. The cal- 
ibrations of the second type are the theoretical (or model) cali- 
brations, established on the basis of grids of photoionisation mod- 
els of Hn regions. Among published strong-line calibrations there 
exist large systematic discrepancies, in the sense that theoretical 
calibrations generally produce oxygen abundances that are by fac- 
tors of 1. 5-5 higher than those derived using empirical calibra- 
tions (c.f.lKennicutt et alj|2003l: IPilvugin Il2003lj. I Yin et alj|2007l; 

esolin et al. 2009b; Moustakas et al. 



Kewley & Ellison 



2008 



20ld : lLopez-Sanchez & Estebanll2010f) . Thus, at the present time 



there exists no absolute scale for metallicities in H n regions. 

The empirical metallicity scale has advantages as compared 
to the theoretical (model) metallicity scales. The empirical metal- 
licity scale is well defined in terms of the abundances in Hn re- 
gions derived through the T e method, i.e., in that sense the em- 
pirical metallicity scale is absolute. The abundances estimated via 
different empirical calibrations are compatible with each other and 
with the r p -based abundances as well. Contrary to the consistency 
among empirical calibrations, there are as many theoretical (model) 
metallicity scales as there are sets of H n region models. In other 
words, the abundances derived using different theoretical calibra- 
tions are usually not in agreement with each other. However, the 
validity of the T e method (and, as a consequence, the validity of 
the empiric al metallicity scale in Hn regions) has for long been 
quest ioned (Pei mbertll 19671 ; Stasihska 20051: IPena-Guerrero et al.l 
I2012L and references therein). But there is also evidence that the 
classic T e method prov i des realistic oxygen abundances of H 11 re- 
gions jPilvuginll2003bl;rPilvugin et aljfcood: Iwilliams et alj|2008l : 
iBresolin et al.ll2009bl : Rodriguez & Garcfa-Roias 2010l) . It is also 
noteworthy that oxygen abundances in Galactic H 11 regions derived 
using the direct T e method as well as empirical c alibrations agree 
with stellar oxygen abund ances (see, e.g., Fig. 7 i n Mattsson 2010) 
determined in Cepheids dAndrievskv et al.l2 002a.b.c, 2004) as well 
as the new solar oxygen abundance jAspIund et alj |2009). More- 
over, if the empirical metal licity scale should be corrected (see, e.g. 
Pena-Guerrero et al. the abundances derived using the T e 

method and different empirical calibrations should be corrected ac- 
cordingly. Thus, the empirical metallicity scale is likely the prefer- 
able metallicity scale at present. 

However, all calibrations (empirical as well as theoretical) en- 
counter problems. These calibrations are usually based on the oxy- 
gen [On]/13727+^3729, [Om]/t500 7 and/or n i trogen [Nn]^6584 
lines [with a few exceptions, e.g., Stasinska (2006)]. It is well 
known that the relation between the oxygen abundance and the 
strong oxygen-line intensities is double-valued, with two distinct 
parts, traditionally known as the upper (12 + log(0/H) > 8.25) and 
lower (12 + log(0/H) < 8.0) branches of the R 23 - O/H diagram. 
Moreover, the strong oxygen-line intensities are not a good indi- 
cator of the oxygen abundance in the transition zone between the 
upper and lower branches. 

Furthermore, it is well known that there is no one-to-one cor- 
respondence between oxygen and nitrogen abundances. A promi- 
nent feature of the N/O vs. O/H diagram is that the N/O abundance 
ratio shows a large scatter at a fixed value of the O/H abundance 
ratio, larger than can be explained by observational uncertainties 
dHenrv et alj2000l : |Pilvugm et al.l2003l ;E opez-Sa nchez & Estebanl 
|2010|) . The N/O - O/H relation shows also a clear bend: while at 
low metallicities (12 +log(0/H) < 8.0) the N/O abundance ratio 



is, on average, constant, the N/O ratio increases with O/H at high 
metallicities (12 +log(0/H) > 8.0). 

The properties mentioned above prevent the construction of a 
calibration that works over the whole range of metallicities shown 
by H 11 regions. Thus, one has to construct separate calibrations for 
different metallicity intervals, i.e., there are no calibration relations 
that work sufficiently well over the whole range of observed metal- 
licities. Here, also another problem arises - one has to know a pri- 
ori in which metallicity interval (or on which of the two branches) 
the H 11 region is located. 

It should be emphasised that each existing calibration is based 
on the assumption that H 11 regions with similar strong-line inten- 
sities have similar abundances. A simple, more direct method for 
abundance determination follows from that assumption as well. If 
there were (and fortunately there is indeed) a suitable sample of ref- 
erence Hn regions with well-measured electron temperatures and 
abundances, then one can choose among those reference Hn re- 
gions the ones that have the smallest difference in strong line in- 
tensities compared to the studied Hn region, i.e., one can find a 
corresponding, "counterpart" H 11 region. Then the oxygen and ni- 
trogen abundances and electron temperatures in the investigated 
Hn region can be assumed to be the same as in its counterpart. 
In other words, we suggest that the abundances in the target H 11 
region can be determined "by precedent". To obtain more reliable 
abundances, one may select several reference H 11 regions (coun- 
terparts) and then estimate the abundance in the target H 11 region 
through extrapolation or interpolation. We will refer to this method 
as the "counterpart method" or, for brevity, as the C method. 

The main goal of the present study is to select a sample of H 11 
regions with well-measured electron temperatures and abundances, 
i.e., to obtain a sample of reference Hn regions. We have carried 
out an extensive search of the literature to compile a list of spectra 
of Hn regions in irregular and spiral galaxies with measured elec- 
tron temperatures. The sample of reference H 11 regions and the C 
method are discussed in Section 2. In Section 3, the C method is 
used to obtain abundance gradients in the extended discs of three 
spiral galaxies. Section 4 presents the conclusions. 

Throughout the paper, we will use the following standard no- 
tations for the line intensities: 

^2 = ^[On]A3727+^372?/-'H/3, 



No. =/, 



[N II]i6548+i6584 
I[S 11)^6717+^6731 



/V, 



^3 - ^[OIIIH4959+.15007/-'h73- 

S3 = hsniuwis+AVHi/lHii- 
The electron temperatures will be given in units of 10 4 K. 



2 A SAMPLE OF REFERENCE H II REGIONS 
2.1 Observational data: line intensities 

We have carried out an extensive search of the literature and com- 
piled a sample of Hn regions with abundances determined with 
the T e method. This sample is the basis for our study. We have 
searched for spectra of H 11 regions in irregular and spiral galax- 
ies, with the requirement that they include the [O n]/13727+/i3729, 
[Ora]i5007, [Nn]/16584, [Sn]^67 17+^6731 lines and a detected 
auroral line of, at least, one ion, i.e., [Om], [Nn], [Sm]. 
The electron temperature t 2 in Hn regions can also be esti- 
mated from the [O n]^3727,3729/[0 n]Ai7320,7330 ratio. How- 
ever, the difference between the h temperature derived from 
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the [Onj/U3727,3729/[On],U7320,7330 ratio and the one esti- 
mated from the commonl y used t 2 - h relat ion can be large 
(see the discussion in iKennicutt etai] J2003T) and references 
therein), making the oxygen abundances so derived very uncer- 
tain. Therefore, Hn regions with a temperature derived from the 
[On]/l/l3727,3729/[Oii]ii7320,7330 ratio are not considered in 
the present study. While we have tried to include as many sources 
as possible, we do not claim our search to be exhaustive. 

In recent years, the number of available spectra of emission- 
line nebulae has increased dramatically due to several large spec- 
troscopic surveys such as the Sloan Digital Sky Survey (SDSS) 
dYork et alfe oOO). The auroral li nes are measurable in a relatively 
large number of SDSS galaxies dKniazev et alj|2004l ; llzotov et"al] 
2006), which provides the possibility to obtain T e -based abun- 
dances for SDSS galaxies. However, the SDSS objects cannot be 
used as reference H n regions for two reasons. First, the wavelength 
range of the SDSS spectra is 3800 - 9300 A so that for nearby 
galaxies with redshift z ;S 0.02 the [O n]/13727+/13729 emission 
line is outside of that range. The lack of this line prevents us from 
using SDSS spectra of nearby galaxies in our study. Second, the 
SDSS galaxy spectra span a large range of redshifts. There is thus 
an aperture-redshift effect in SDSS spectra since these spectra are 
obtained with 3"-diameter fibers. At a redshift of z = 0.05 the pro- 
jected aperture diameter is ~ 3 kpc, while it is — 15 kpc at a redshift 
of z = 0.25. This means that, at large redshifts, SDSS spectra are 
closer to global spectra of whole galaxies, i.e., to spectra of com- 
posite nebulae including multiple star clusters, rather than to spec- 
tra of individual Hn regions. It has been argued that the T e method 
can result in an underestimated oxygen abundance in the SDSS ob- 
jects if H ii regions with different physical p roperties contribute t o 
the global spectrum of composite nebulae (Pil vugin et al. 1 120121) . 
This effect is somewhat similar to th e small-scale tem perature fluc- 
tuations in H n regions discussed bv lPeimbertl d 19671) . 

High-precision spectroscopy, including the auroral lines 
[Om]/l4363 and [Nn]/15755 for a number of Hn regions in 
our Galaxy (see lEsteban et all 120041 ; IGarcfa-Roias et all |2004 
l2005l 120061 : IGarcfa-Roias & Estebanl 120071 am ong others) and 
in the Large a nd Small Magellanic Clouds ( e.g. Peimbert 20031; 



Tsamis et al. ] |2003| ; IPeimbert et all 120051 ; Pefia -Guerrero et ajj 



20121) can be found in the literature. However, only a small part 



of the H 11 regions is measured in these cases and therefore the ob- 
tained line intensities are usually not representative for the whole 
nebula. For this reason, these spectroscopic measurements were not 
included in our list. 

Thus, for each listed spectrum, we record the measured val- 
ues of [O n]i3727+i3729, [Om]^4363, [Ora]i5007, [Nn]^5755, 
[Sm]^6312, [Nn]i6584, [Sn]/I6717+/I6731, [Sm]^9068. The in- 
tensities of all lines are normalised to the H/J line flux. The line 
intensity [Om]/i4959 is required to define the R3 value. However 
this line is not reported in some of the papers considered here. 
Therefore the R 3 value is derived from the [O m]/l5007 line inten- 
sity (see below). Similarly, the values of No and 53 are estimated 
without the lines [N n]/16548 and [S m]/i9532, which are also not 
reported in some papers. Furthermore, only the summed-up line 
fluxes [S ii]/16717+/16731 are available in a number of publications. 

We have taken the de-reddened line intensities as reported by 
the authors. In some papers the measured fluxes are reported only. 
In these cases, the measured emission-line fluxes were corrected for 
interstellar reddening using the theoretical Hor to H/? ratio (i.e., the 
standard value of HafH/3 = 2.86) and the analyti cal approx i matio n 
to the Whitford interstellar reddening law from llzotov et al .1 dl994l) . 

As was noted above, only one line in a doublet ([Oiii]/15007 



from the doublet [Om]/I5007 + J4959, [Nn]^6584 from the 
doublet [Nn]A6584 + ^6548, and [Sm]/19068 from the dou- 
blet [Sm]/i9068 + /19532) is given in some publications. The 
[Om]/15007 and /14959 lines originate from transitions from the 
same energy level, so their flux ratio is due only to the transi- 
tion p robability ratio, which is very close to 3 dStorev & Zeippen 
2000). Therefore, the value of R3 can be estimated as ^3 = 
1.33[Om]^5007. Similarly, the [Nn]i6584 and i6548 lines also 
originate from transitions from the same energy level and the 
transition probabili t y rati o for those lines is again close to 3 
dStorevfe Zeippen I [2000). The value of N2 can therefore be 
estimated as N 2 = 1.33[N n]/i6584. Furthermore, the transi- 
tion probability ratio for [S m]i9532 and [Sm]A9068 is 2.44 
( Mend oza & Zeippen II 198^) . Hence, the value of 53 can be esti- 
mated as S 3 = 3.44[S m]/l9068. 

The spectroscopic data so assembled form the basis of the 
present study. Our list contains 714 spectra. Since two or three 
auroral lines are detected in some spectra the resulting number of 
electron temperatures measurements is 899 (645 measurements of 
?3_o electron temperatures, 140 measurements of electron tem- 
peratures, and 114 measurements of t 3 S electron temperatures). 



2.2 Abundance derivation 

In principle, the T e method, based on measurements of 
temperature-sensitive line ratios, should give accurate oxygen 
abundances. In practice, however, oxygen abundances in the same 
H 11 region derived by various authors can differ because there may 
be errors in the line intensity measurements and the adopted atomic 
data may not be the same. To ensure that we have a relatively homo- 
geneous data set, we have recalculated electron temperatures and 
oxygen and nitrogen abundances for all the H 11 regions. 

To convert the values of the line fluxes to the electron tem- 
peratures ?3_o, f2,N, and f3,s and to the ion abundances ++ /H + , 
+ /H + , and N + /H + , we have solved the five-level atom model 
for the ++ , + , N + , and S ++ ions, using recent atomic data. 
The Einstein coefficients for the spontaneous transitions Ajk for 
the five low-lying levels for all io ns above have been taken 
from Froese Fisher & Tachiev 1 d2004f) . The ener g y leve l data are 
from [Edlenl dl985l) for Q ++ , from IWenakerl dl990l) for Q + 
from Galavfs et al. M19971) for N + , and from Ijohansson et al.l 



( 1992) for S ++ . The effective cross sections (or effective collision 
strengths ) for electron impact fl,-t a s a function of temperature 
are fro m| Aggarwal & Keenanl dl999|) f o r Q ++ , from lPradhan et all 
(2006) for Q + from iHudson & Bell I d2005l) for N + , and from 
iTaval & Gupta 1 dl999l) for S ++ . To derive the effective cross sec- 
tion for a given electron temperature, we have fitted a second-order 
polynomial to these data. 

In the low density regime (n e < 100 cm -3 ), the following 
simple expressions provide approximations to the numerical results 
with an accuracy better than 1%. The electron temperatures are re- 
lated to the measured line fluxes in the following way: 



^3,0 : 

and 

hfi '- 
or 



1.467 



log g 3 ,0 


- 0.876 


- 0.193 log f 3 , + 0.033 r 3 , 






1.118 


log Ql,N 


-0.891 


- 0.177 log f 2 , N +0.030 r 2 , N 






0.915 



log Q 3 ,s - 0.683 + 0.485 log t xs - 0. 1 14 f 3iS 



(1) 



(2) 



(3) 
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where Q xo = [O m](A4959+^5007)/[O m]/l4363 is the ratio of neb- 
ular to auroral oxygen ++ line intensities, Q 2N = [Nn](/16548 + 
/i6584)/[Nn]/15755 is the ratio of nebular to auroral nitrogen N + 
line intensities, and g 3-S = [Sm](A9068 + ^9532)/[S m]A 6312 is 
the ratio of nebular to auroral sulphur S ++ line intensities. 

The equations relating ion abundances to measured line fluxes 

are: 



N + 

12 + log — 



0.893 

log N 2 + 6.263 + 0.603 log t 2 - 0.003 f 2 , (4) 



12 + log 



and 



+ 

IF 



\ogR 2 + 5.929 + ■ 



t2 

1.617 



-0.568 log t 2 - 0.008 h, (5) 



++ 1.204 

12 + log — = \ogR 3 + 6.251 + 0.613 log f 3 - 0.015 f 3 .(6) 

H+ t 3 

The total oxygen abundance is determined from 



O 
H 



21 

H+ 



91 

H+ 



(7) 



In general, the small fraction of undetected 3+ ions in the high- 
excitation Hn regions (0 + /(0 + +Q 2+ ) < 0.1) should be added to 
the oxygen abundance jlzotov et al.ll2006h . However, this results in 
only a minor correction to the oxygen abundance derived just from 
+ and 2+ . For example, the correction is around 0.01 dex for 
the lowest-metall icity blue compact dwarf galaxy SBS 0335-052 
jlzotov et al.ll2009h . Hence, this correction is not considered in the 
following. 

The total nitrogen abundance is determined from 



.N.O.N 
loa — = log — h log — 
6 H H 6 O 



(8) 



(9) 



assuming ( Peimbert & Costero lfl969h 

N + _ N 
O 7 " O' 

The N + /0 + ion abundance ratio is derived from 

N+ No 0.724 

log — = log — ^ + 0.334 0.035 log/ 2 + 0.005f 2 (10) 

+ R 2 ti 

which is obtained by combining Eq.lO with Eq.([5]l. 

We have calculated electron temperatures and oxygen and ni- 
trogen abundances for Hn regions within the framework of the 
standard Hn region model with two distinct temperature zones 
within the nebula. The electron temperature t 3 within the zone ++ 
is given by the electron temperature f 3 , and the temperature t 2 
within the zones + and N + is given by the temperature t 2 jj. It 
is common practice that the value of only the electron tempera- 
ture is measured and the value of the other temperature is deter- 
mined from the t 2 - t 3 relation. The c ommonly used t 2 - t 3 relation 
dCampbelletai]l 986; Ga mettll992h 



h = 0.7r 3 + 0.3 



(11) 



is adopted here. When the value of the electron temperature t 3S is 
measured then the value of t 3 is obtained from the relation after 
lGarnettl ( fT992h 



t 3 = 0.83 t 3S +0.17. 



(12) 



Two or three auroral lines are detected in some spectra and, con- 
sequently, two or three electron temperatures {t 3 ,o, t 2 ,N, hs) can t> e 
measured. For those H n regions, two or three values of the elec- 
tron temperature f 3 and oxygen and nitrogen abundances are deter- 
mined. 



2.3 The C method 

Suppose we have an observed H n region and a sample of reference 
Hn regions. To find the counterpart for the H n region under study, 
we will compare not the four measured nebular lines R 3 ,R 2 , N 2 , and 
S 2 directly, but instead four other values that are expressed in terms 
of these line intensities: P = R 3 /(R 2 + R 3 ) (excitation parameter), 
logR 3 , \og(N 2 /R 2 ), and log(S 2 /R 2 ). A linear combination of these 
values can serve as a n indicator of the metallicity in an H 11 region 
jPilvugin et"al]|2010l) . 

We specify the difference between the spectrum of the studied 
H 11 region and the spectrum of the jth H 11 region from the reference 
sample as 



ASp, = [i((Alog(/? 3 ),) 2 + (A J P,) 2 

+ (Alog(iV 2 /i? 2 ) ; ) 2 + (Alog(S 2 /.R 2 ),) 2 )]?. 



(13) 



The reference H 11 region with the smallest value of the ASp will be 
considered as the counterpart for the investigated H 11 region. Then 
the oxygen and nitrogen abundances and electron temperature in 
the studied H 11 region can be assumed to be the same as those in its 
counterpart. 

However, oxygen and nitrogen abundances obtained in this 
manner can still have considerable errors for the following reasons. 

1. The number of reference H 11 regions is limited, especially at the 
high-metallicity end. Hence, in some cases there may be signifi- 
cant differences between abundances of the studied H 11 region and 
its counterpart. 

2. In some cases the smallest value of ASp does not corresponds 
to the minimum difference in oxygen abundance. That would be 
the case if all the values of P, \ogR 3 , log(N 2 /R 2 ), and log(S 2 /^ 2 ) 
would change in proportion to the change of the abundance, and 
the calibration coefficients would be the same for all those values. 
This is indeed not the case. The coefficients are in fact functions of 
the metallicity (for example, the coefficient for logR 3 even changes 
sign going from low-metallicity to high-metallicity Hn regions). 
Furthermore, the difference in log(N 2 /R 2 ) values between two H 11 
regions with the same oxygen abundance but different N/O abun- 
dance ratios can be larger than the difference between two H 11 re- 
gions with different oxygen abundances but similar nitrogen abun- 
dances. Thus, one may assume that the reference H 11 region with 
the smallest value of the ASp has a similar, but not necessarily the 
abundance closest to that of the studied H 11 region. 

3. Finally, the T^-based abundances for the reference H 11 region can 
of course involve some errors and uncertainties. 

To overcome these problems and obtain more reliable esti- 
mates of abundances and electron temperatures, a number of ref- 
erence H 11 regions with metallicities near the metallicity of the se- 
lected counterpart H 11 region, (in the metallicity interval ±(0/H),,„) 
can be used. Using a sufficient number of H 11 regions with metal- 
licities in a suitable interval, one can obtain a linear expression for 
the oxygen abundance (or nitrogen abundance and electron temper- 
ature) of the form 

Y = a + a\ logi?3 + a 2 P + a 3 \og(N 2 /R 2 ) + a 4 log(S 2 /R 2 ), (14) 

where Y = 12 + log(0/H), or Y = 12 + log(N/H), or Y = t 3 . The 
oxygen and nitrogen abundances determined this way will in the 
following be referred to as (0/H) c and (N/H) c , respectively. 



2.4 Selection of the reference H 11 regions 

The selection of reference Hn regions is not a trivial task. Here 
we use an approach that is based on the idea that if an H 11 region 
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belongs to the fundamental sequence of the photoionised nebulae, 
and its line fluxes are measured accurately, then the different meth- 
ods, based on different emission lines, should yield similar physical 
characterist ics (such as elec tron temperatures and abundances) of 
that object dThuan et alj201(j|) . 

The C method requires we first select a sample of reference 
Hn regions from the collected data. The uncertainty of the oxy- 
gen abundance can be quantified by the discrepancy between the 
C-based and the T e -based oxygen abundances D /h = (0/H)c - 
(OfH) Te . Similarly, the uncertainty in the nitrogen abundance can be 
quantified by D N j H = (N/H)c - (N/H)j- f . One may select reference 
Hn regions where the discrepancies in the oxygen and nitrogen 
abundances are less than a fixed value of D* 0/H and D' N/H . We use 
an iterative procedure to select a sample of reference H n regions. In 
the first step, we determine the oxygen (0/H) c and nitrogen (N/H) c 
abundances from Eq. d!4t for each H n region in our list using all 
the other H n regions as the reference sample. Then we select a sub- 
sample of H ii regions for which the absolute difference between 
the C-based and the 7>based abundances (0/H)c - (OfH) Te is less 
than D* 0/B and the absolute difference (N/H)c - (N/H)^, is less than 
D* N!H . In the second step, we again determine oxygen (0/H) c and 
nitrogen (N/H)c abundances from Eq. d 14> for each H n region in 
our list using a selected subsample of H n regions as the reference 
sample. We then select a new subsample of Hn regions for which 
the difference between C-based and 7>based abundances is less 
than D' 0/H and D* N/H , i.e., a new sample of reference Hn regions 
is obtained. The algorithm converges after a number (around ten) 
of iterations. As was noted above, two or three auroral lines are 
detected in some spectra and, consequently, two or three electron 
temperatures (t i0 , f 2 ,/v, hj) can be measured. For those Hn regions 
more than one (i.e., two or three) oxygen and nitrogen abundances 
are determined. If these abundances, for a given spectrum, satisfy 
the selection criteria, we choose that one for which the difference 
between C-based and r e -based oxygen abundances is the smallest. 

In general, the selected sample of reference H n regions de- 
pends on three parameters: 

1) the adopted interval of metallicity around the metallicity of the 
counterpart (0/H),„, which defines a subsample of reference H n re- 
gions used to derive the coefficients in Eq. t!4h 

2) the adopted maximum value of D* , H , i.e., of the discrepancy be- 
tween C-based and 7Vbased oxygen abundances in the reference 
H ii regions, 

3) the adopted maximum value of D* N/H , i.e., of the discrepancy be- 
tween C-based and T e -based nitrogen abundances in the reference 
Hn regions. 

Examining the samples of reference H n regions selected with 
different combinations of the values of D* , H (from an interval of 
0.06 - 0.12 dex), D* NjH (from an interval of 0.06 - 0.12 dex) and 
(0/H),„, (from an interval of 0.15 - 0.30 dex), we find that oxygen 
and nitrogen abundances obtained by the C method with D* ojH in 
the range 0.08 to 0.12 dex, D' NjH = 0.08 to 0.12 dex, and (0/H),„, = 
0.20 to 0.30 dex are very similar. 

Therefore we will discuss below only three samples of the ref- 
erence H ii regions from the sequence defined by D* N/H = D* 0/H and 
(0/H),„, = 2D* 0/H . In this case each sample of reference Hn re- 
gions can be specified by a single parameter, D* 0/H . The sample 
with D* 0/H = 0.12 dex has been selected from our compilation of 
Hn regions in the way described above. If the number of reference 
Hn regions within the adopted interval of metallicity around the 
metallicity of the counterpart (O/H),,,,, which defines a subsample 
of reference Hn regions used to derive the coefficients in Eq.<ll4l>. 
is less than 12 (this can occur at the high-metallicity end) then we 
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Figure 1. The logi?3 - logi?2 diagram. The filled grey (light-blue in the 
co lor version) circles in both panels are H 11 regions from the compilation 
bv lPilvugin et alj {2004). The dark (black) plus signs in the upper panel are 
H 11 regions from our present compilation. The filled dark (black) circles 
in the lower panel show the selected reference Hn regions, RsamplelO. (A 
color version of this figure is available in the online version.) 

increase the interval of metallicity (0/H)„„ with a step size of 0.05 
dex until the number of reference H n regions within the adopted 
interval of metallicity becomes larger than 12. This sample will 
be referred to as RsampIeU below. In a similar way the sample 
RsamplelO with D' 0/H = 0.10 dex was selected from the sample 
RsampIeU, and the sample RsampleOS with D^ jH = 0.08 dex was 
selected from the sample RsamplelO. 

We choose RsamplelO for our abundance derivation. 
RsampIeU and RsampleOS will be used below to illustrate that the 
C-method abundances are robust. The reference H 11 regions from 
the RsamplelO are listed in TablelAfl Column 1 in the Table lAll is 
the order number of the H 11 region. The de-reddened line intensities 
(in units of H/? line flux) are given in columns 2 to 5. 7Vbased oxy- 
gen and nitrogen abundances [in units of 12+log(X/H)] are listed 
in columns 6 and 7 respectively, and the electron temperature (in 

1 The Table At is available in the electronic edition of the jour- 
nal. The Table At is also publicly available in electronic form at 
http: //dc.zah.uni-heidelberg .de/hiicounter/q/web/form The 
Fortran code for the determination of the oxygen and nitrogen abundances 
and electron temperature through the C method (along with an example) is 
also available there. 
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Figure 2. The solid line shows the cumulative number of individual oxy- 
gen abundance measurements of H n regions with the absolute value of the 
difference between the C-based and the r c -based abundances (discrepancy 
index Do/h) less than a given value. The dashed line is the same but for 
nitrogen abundance. 



units of 10 4 K) is reported in column 8. In all cases where the elec- 
tron temperature was reduced to t^o [Eq. dl It or Eq. dl2H this is 
mentioned. The index j T in column 9 is equal to 1 when the elec- 
tron temperature t i is derived from the auroral line [O m]/i4363, 
equal to 2 when the temperature f2,« is derived from the auroral 
line [Nn]/i5755, and equal to 3 when the temperature r 3 S is de- 
rived from the auroral line [S iii]/16312. Commonly used catalogue 
names for each H n region and the sources of the spectral data are 
listed in columns 10 and 11, respectively. 

Let us briefly consider the general pro perties of RsamplelO . 
Fig. Q] shows the logi^ vs. logi^ diagram. IPilvugin et alj d2004l) 
compiled a large number of strong emission line measurements 
in spectra of individual H n regions in nearby spiral and irregular 
galaxies. Those H n regions are shown by filled gray (light-blue in 
the color version) circles in Fig.[T](both panels) in order to outline 
the area occupied by H n regions of nearby galaxies in the R 3 vs. R 2 
diagram. The H n regions from the present compilation are shown 
by the dark (black) plus signs in the upper panel of Fig. Q] The se- 
lected reference H n regions are shown by filled dark (black) circles 
in the lower panel of Fig.Q] 

The solid line in Fig. [2] shows the cumulative number of in- 
dividual oxygen abundance measurements from our compilation 
of Hn regions with the absolute difference between the C-based 
and the 7>based oxygen abundances (discrepancy index Do/h) less 
than a given value. The dashed line shows the same for the nitrogen 
abundances. One can clearly see that the cumulative numbers of ni- 
trogen abundance measurements at any discrepancy index is larger 
than that for oxygen abundances, i.e., agreement between the C- 
based and the T e -based abundances is better for nitrogen than for 
oxygen abundances. 

Fig. [H shows the logi?23 vs. O/H diagram. The r e -based oxy- 
gen abundances for H n regions from our compilation are indicated 
by the grey (light-blue) plus signs in both panels of Fig. [3] The 
log^23 vs. O/H relation for the case of C-method-based oxygen 
abundances is shown by the open dark (black) circles in the lower 
panel of Fig. [3] The adopted reference sample is shown by filled 
dark (black) circles in the upper panel of Fig. Q] 

Fig. shows the O/H vs. N/O diagram. Again, the r f -based 
abundances for H n regions in our compilation are shown by the 




Figure 3. The log/?23 - O/H diagram. The grey (light-blue) plus signs in 
both panels are H n regions from our present compilation for the case of 
the r^-based abundances. The dark (black) filled circles in the upper panel 
show the selected reference H n regions, RsamplelO. The open dark (black) 
circles in the lower panel the H n regions from the present compilation for 
the case of the C-based oxygen abundances. (A color version of this figure 
is available in the online version.) 



grey (light-blue) plus signs in both panels of Fig. [4] and the refer- 
ence H ii regions are indicated by filled dark (black) circles in the 
upper panel of Fig. [4] The O/H vs. N/O diagram for all the H n re- 
gions with C-based abundances is shown by the open dark (black) 
circles in the lower panel of Fig. [4] 

Analysing Fig.Q]- Fig.|4]we see that the number of the H n re- 
gions with metallicities 12+log(0/H) > 8.4 is small in the reference 
sample. More high-precision measurements of spectra of high- 
metallicity Hn regions are obviously needed. However, that re- 
quires measurements of extragalactic H n regions using the largest 
telescopes. As was noted above, the Galactic Hn regions cannot be 
used as reference H n regions because only parts of these H n re- 
gions are measured due to their large angular extent and therefore 
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Figure 5. The radial distribution of the oxygen (left column panels) and nitrogen (right column panels) in the disc of the spiral galaxy M 101. In the upper 
two panels, T^-based abundances are shown by the (red) squares (with measured t^ o) and the (red) crosses (with measured f2,«)- The linear best fit to these 
data points is shown by the long-dashed (red) line. In the lower two panels, the C-based abundances obtained with RsampleOS, RsamplelO, and RsampleVl 
are shown by the (green) dots, open circles [the best fit to those data is given by the solid (black) line], and plus signs, respectively. 



the obtained line intensities are usually not representative for the 
nebula as a whole. 



2.5 Verification of the C method 

The radial oxygen abundance distributions in the discs of the spi- 
ral galaxies M 101, NGC 300, and M 51 were d erived based on 
H n regions with measured electr on temperatures dKennicutt et al.l 
l2003l : lBresolin et al.l2009bll2004l) . which offers a possibility to ver- 
ify the C method and different samples of reference H n regions by 
comparing the radial distribution of the C-based abundances with 
those traced by the H n regions with T f -based abundances. The frac- 
tional radius, the galactocentric distance Rq expressed in terms of 
the isophotal radius R25, is used in the diagrams where radial oxy- 
gen (nitrogen) abundance distributions are plotted. 

In Fig. [5] we compare the radial distributions of the oxygen 
and nitrogen abundances obtained by the C method using different 
samples of reference H 11 regions with radial distributions traced by 
7Vbased a bundances in the disc of the M 101 (from the compi- 
lation bv lPilvugin & Mattssonll201 ll) . The upper panels in Fig. [5] 
show the 7Vbased oxygen (upper left panel) and nitrogen (upper 
right panel) abundances: the open (red) squares are H 11 regions with 
measured t^o electron temperatures (detected [O m]/14363 line) and 
the (red) crosses are those with measured f 2 .jv electron tempera- 
tures (detected [Nn]/15755). If both auroral lines are available then 
we derive two values of oxygen (or nitrogen) abundances. The 
long-dashed (red) line is the best linear fit to these data. The sym- 
bols in the lower panels in Fig. [5] show the C-method based oxy- 
gen (lower left panel) and nitrogen (lower right panel) abundances 
from the same sample of H 11 regions. The (green) points, (blue) 
plus signs, and (black) open circles show abundances obtained with 
the RsampleOS, RsamplelO, and RsampleVl reference samples, re- 
spectively. 

Fig. [5] shows that the oxygen and nitrogen abundances deter- 
mined by the C method using the three different reference sam- 
ples are in agreement with each other and the radial distributions of 



the C-method-based oxygen and nitrogen abundances follow to the 
same trends traced by 7Vbased abundances. Fig.|6]shows the same 
for the radial abundance distributions in the disc of the spiral galaxy 
NGC 300. The abundances of Hn regions were deter mined with 
the spectral measurements from lBresolin et al. (2009b). Again, the 
oxygen and nitrogen abundances derived by the C method using 
the three different reference samples are in agreement with each 
other, and the radial distributions of C-method-based oxygen and 
nitrogen abundances follow almost exactly the trends traced by T e - 
based abundances (the best linear fits to 7>based and C-method- 
based abundances coincide and cannot be distinguished in Fig.[6j. It 
should be noted that the scatter in the C-method-based abundances, 
at a given galactocentric distance, is even smaller than the one in 
the r c -based abundances. 

Fig. [7] compares the radial distributions of T e -based and C- 
method-based oxygen and nitrogen abundances in the disc of the 
spiral galaxy M 51. The f2,w and electron temperatures have 
been measured in a number of Hn regi ons in the disc of M 5 1 



(Bresolin et al. 2004; Garnett et al 



gradient derived by iBresolin et al 



2004). The oxygen abundance 



(2004) s shown by the long- 
anel. C-method-based abun- 
total sample are derived in- 



dashed (red) li ne in the upper left 
dances for the Breso lin et al. (20O 
eluding Hn regions where auroral lines were not detected (their 
Table 6). Fig.|7jconfirms again that the oxygen and nitrogen abun- 
dances determined by the C method using the three different ref- 
erence samples are in agreement with each other and the radial 
distributions of C-method-based oxygen and nitrogen abundances 
follow to the trends traced by r c -based abundances. 

From the above, we draw two conclusions: 

1. The oxygen and nitrogen abundances estimated by the C 
method using the three different reference samples (RsampleVl, 
RsamplelO, and Rsample08) are in good agreement, i.e., the C- 
method-based abundances are robust. 

2. The C-method-based oxygen and nitrogen abundances are also 
in agreement with the 7Vbased abundances, i.e., the C method pro- 
duces reliable oxygen and nitrogen abundances. 
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Figure 6. Same as Fig.[5]but for the disc of the spiral galaxy NGC 300. 
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Figure 7. Same as Fig.[5]but for the disc of the spiral galaxy M 51. The (red) squares are the T e -based abundances with measured electron temperature £3 $ . 
The other notations are the same as in Fig. [3] 



2.6 Uncertainty in the C-based abundances, caused by errors 
in line intensities 



each and every line flux, 
(1 + e R3 ) Rf \ 



r; = 



The "strong" nebular lines i? 3 and R 2 become rather weak in high- 
metallicity Hn regions while the "strong" lines N2 and S 2 are 
weak in low-metallicity Hn regions. Therefore the measurements 
of those lines can have significant errors. The uncertainty in oxy- 
gen and nitrogen abundances, caused by the uncertainty in the line 
flux measurements, can be estimated in the following way. We con- 
sider the measured fluxes in the reference H 11 regions as the "true" 
fluxes and C-method-based oxygen and nitrogen abundances as the 
"true" abundances. We then introduce a random relative error e to 



r; = 



(15) 



(l + evi)iW? 



S* 2 = (l + e Sl )Sf e , 

where eg 3 , €r 2 , e Nl , and es 2 are produced by a random number 
generator. We then determine the oxygen (0/H)JX and nitrogen 
(N/H)p abundances based on the R^, R* 2 , iVJ, and S\ line fluxes 
using the C method. The differences log(0/H)^ - log(0/H) tmc and 
log(N/H)^-log(N/H)" ue can be seen as a measure of the uncertainty 
in the oxygen and nitrogen abundances caused by the uncertainty 
in the line flux measurements. 
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Figure 8. The error in the oxygen eo/H (upper-row panels) and nitrogen 6n/h (lower-row panels) abundances as a function of the error in the line fluxes 
£f. (left-column panels) and oxygen abundance (right-column panels). The filled dark (black) circles show the Monte Carlo simulations with random relative 
error in each line intensity ranging from —10% to +10%. The filled grey (light-blue in the color version) circles show these with random relative error ranging 
from -20% to +20%. (A color version of this figure is available in the online version.) 



We have considered two cases. In the first, we adopt random 
relative errors e R ,, e Rl _, e N% , and e Sl in the range of -10% to +10%. 
The mean error in the flux measurements is defined as 



(16) 



The (OfHy c and (N/H)£. abundances for each reference H n region 
were computed with 50 different random errors added to each line 
flux. The values of the error in the oxygen and nitrogen abun- 
dances are defined as eo/H = log(0/H)£. - log(0/H) true and Cn/h 
= log(N/H)J - log(N/H)' me , respectively. In the second case, we 
adopt random relative errors e R} , e Rl , e Nl and es 2 m the range -20% 
to +20%. 

The left panels in Fig. [8] show the errors in the oxygen eo/H 
(upper panel) and nitrogen e N/H (lower panel) abundances as a func- 
tion of the mean error in the line fluxes e F . The Monte Carlo sim- 
ulations for the first case are shown by the dark (black) points, and 
those for the second case are represented by the grey (light-blue) 
points. In the right panels in Fig. [8] we plot the error in the oxy- 
gen eo/H (upper panel) and nitrogen cn/h (lower panel) abundances 
against the oxygen abundance. 

Fig.[8]reveals that the uncertainties in the oxygen abundances 
caused by the errors in the first case are not in excess of 0. 1 dex for 
the vast majority of H n regions, although in a few cases they may 
be larger. The uncertainties in the nitrogen abundances are slightly 
larger, up to 0.15 dex. It is interesting to note that even when the 
mean error in the line fluxes e F is relatively large the error in the 
oxygen e /H and nitrogen e N / H abundances can be close to zero. 
This is because the errors in the abundances caused by errors in 



different line intensities can have opposite signs and therefore can- 
cel, i.e., even when the error in each term on the right-hand side 
of Eq. l !14t is considerable, the sum (abundance) can be correct if 
the errors in different right-hand side terms have opposite signs and 
compensate each other. 



A closer look at the upper right panel in Fig. [8]shows that the 
uncertainty in the oxygen abundance caused by errors in the line 
intensities reach a maximum in Hn regions with metallicities in 
the range from 12 + log(0/H) ~ 7.8 to 12 + log(0/H) ~ 8.2. This 
is because the strong line fluxes are less sensitive to the oxygen 
abundance of the H n regions this metallicity interval (in particular, 
the transition from the upper to the lower branch of the R 2 3 vs. O/H 
diagram occurs in this interval). At high metallicities (12+log(0/H) 
> 8.2) the uncertainty decreases with increasing metallicity. This is 
due to the fact that the strong line fluxes change much more with 
the oxygen abundance in high-metallicity (co ld) H n regions than i n 
low-metallicity (warm and hot) Hn regions jPilvugin et alj|201oh . 
In other words, similar relative changes in the strong line fluxes 
correspond to a smaller change in the oxygen abundance in high- 
metallicity H ii regions than in low-metallicity H n regions. Hence, 
similar relative errors in the line fluxes result in smaller errors at 
high metallicity than at low metallicity. 
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Figure 4. The O/H - N/O diagram. The grey (light-blue) plus signs in 
both panels are H n regions from our present compilation for the case of 
the r e -based abundances. The dark (black) filled circles in the upper panel 
show the selected reference H n regions, RsamplelO, The open dark (black) 
circles in the lower panel are the H n regions from the present compilation 
for the case of the C-based oxygen abundances. (A color version of this 
figure is available in the online version.) 



3 APPLICATION OF THE C METHOD: ABUNDANCE 
GRADIENTS IN THE EXTENDED DISCS OF SPIRAL 
GALAXIES 

Spectra of H n regions in the outer d isc of the spiral galaxy M 83 
(=NGC 5236) teresolin et ai]|2009al) and in the extended disc of 
the spiral galaxy NGC 4625 (Godda rd et al .11201 II) were obtained 
quite recently. The abundance gradients were determined out to 
around 2.5 times the optical isophotal radius. It was found that at 
the transition between the inner and outer disc the abundance gra- 
dient becomes flatter. In addition, there appears to be an abundance 
discontinuity close to this transition. However, the abundances es- 
timated with different calibrations differ by more than a factor of 
three. This prevents one from drawing a solid conclusion on the 
real behavior of the abundance gradients in the outer discs of these 
galaxies. 

Oxygen abundance gradients have been obtained for a large 
samp l e of spiral galaxies dVila-Costas & Edmunds ll992l : IZaritskv1 



1 19921 ; I van Zee et alJI 19981 among others). It was found that nearly 
all the gradients are reasonably well fitted by a single exponential 
profile, although in several cases the gradient slope may not be con- 
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Figure 9. The radial distributions of oxygen (upper panel) and nitrogen 
(lower panel) abundances in the extended disc of the spiral galaxy M 83. 
The abundances are estimated through the C method. The open circle s 
stand for H n regions fromlDufour et al.l Jl 980); Webst er & Smith I dl983l); 
iBresolin & Kennicuttl te002l) : lBresolin et al] t200l 12009 j) : lEsteban et all 
12009). The solid line is the best linear fit to the data points with galacto- 
centric distances smaller the isophotal R15 radius, the dashed line is the best 
linear fit to data points marking the H 11 regions beyond the isophotal radius. 
The dotted (red) line shows the best single linear fit to all the data points. 
(A color version of this figure is available in the online version.) 



stant across the disc but instead flattens (or steepens) in the outer 
disc. In particular, a break in the abunda nce gradient of M 101 at 
Rg/R i5 ~ 0-5 wa s repor ted quite early on -Costas & Edmunds 
1 1 9921 : IZaritskvl 1992). Oxygen abundances obtained with the 
strong-line method were used in those works. However, the T e - 
based oxygen abundance distribution does not show the flatten- 
ing in the outer disc of M 101, (upper left panel in Fig(5). It was 
noted in the introduction that the strong-line relations may not work 
across the whole range of observed metallicities in H n regions. An 
unjustified use of the relationship between oxygen abundance and 
strong line intensities, constructed for high-metallicity H n regions 
of the upper branch of the R23 - O/H diagram, when determining 
oxygen abundances in low-metallicity H11 regions at the periph- 
ery of a galaxy, results in erroneous (overestimated) oxygen abun- 
dances, and, as a conse quence, an erro neous bend in the slope of 
the abundance gradient l |Pilvuginll2003al) . 

The C-method-based oxygen abundance distributions follow 
well the gradients traced by the r c -based oxygen abundances, 
see Figs. [5] - [7] Here we apply the C method to derive abun- 
dance gradients in the extended discs of the galaxies M 83, 
NGC 4652 and NGC 628. In previous works, no attention was 
paid to the radial distribution of nitrogen abundances in the ex- 
tended discs of those galaxies, despite the fact th at such studies 
would have several advantages (Thua rTet al.ll20ld) . First, since at 
12 + log(0/H) > 8.3, secondary nitrogen becomes dominant and 
the nitrogen abu ndance increases at a faster rate than the oxy- 
gen abundance dHenry et alj|2000l) . the change in nitrogen abun- 
dances with galactocentric distance should show a larger am- 
plitude in comparison to oxygen abundances and, as a conse- 
quence, the change of the gradient and/or abundance discontinu- 
ity should be easier to detect. Furthermore, there is a time de- 
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Figure 10. Same as Fig.[9]but for the spiral gal axy NGC 4625 . The c ircles 
stand for the abundances in H n regions from God dard et al.l | |201 ll) esti- 
mated through the C method. (A color version of this figure is available in 
the online version.) 
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Figure 11. Same as Fig. [9] but for the spiral g alaxy NGC 6 2 8. Th e 
circles represe n t abun d ances in Hn region s from iMcCall et all (19851) ; 
iFerguson et aD jl998l) : Ivan Zee et aD Jl998h : iBresolin et all Jl999h esti- 
mated through the C method. (A color version of this figure is available 
in the online version.) 



lay in the nitrogen production as compared to oxygen production 
(Maeder 1992; van den Ho ek & Groeneweg en 1997;Pagel 1997; 
Pilvugin &Th uanl201lh T This provides an additional constraint on 
the chemical evolution of galaxies. These reasons led us to consider 
here not only the radial distribution of oxygen abundances but also 
that of nitrogen abundances. 

Fig. [9] shows the radial distributions of the C-method-based 
oxygen and nitrogen abundances in the disc of the s piral galaxy 
M 83 , where line measurements were taken from iDufour et al.l 
( 1980) ; IWebster & Smithl dl983l); IBresolin & Kennicuttl j2002h ; 
IBresolin et al.l d2005l . l2009a[) ; lEsteban et al.l d2009l) . The solid line 



is the best linear fit to the data points with galactocentric distances 
smaller than the isophotal R25 radius, and the dashed line is for 
the Hn regions beyond the isophotal radius. The dotted (red) line 
shows the best single linear fit to all the data points. Fig.llOlshows 
the radial distributions of oxygen and nitrogen abundances in the 
disc of the spiral galaxy N GC 4625 for a sample of H 11 regions 
from lGoddard et aU d201 ll) . Fig.[TT]shows the radial distributions of 
the oxygen and nitrogen abun dances in the disc of t he spiral galaxy 
NGC 628 for H 11 regions fromlMcCall et al.ldl985l) ; lFerguson et al.l 
dl998l) ; lvan Zee et al.l dl998l) ; lBresolin et alJdl999h . 

Figs.[9][ini andl 1 1 Idemonstrate that the gradient slopes within 
and beyond the optical isophotal radius are different. The gradient 
in the outer extended disc is shallower than that in the inner part 
of the g alaxi es. Thus, we confirm the conclusion of IBresolin et al.1 
(2009a) and iGoddard et all d201ll) that at the transition between 
the inner and outer disc the abundance gradient becomes flatter. It 
should be noted that the change in the gradient slope is more dis- 
tinct in the radial distribution of nitrogen than oxygen abundances. 
This is not surprising since the change in nitrogen abundances with 
galactocentric distance shows a larger amplitude in comparison to 
oxygen abundances and, as a consequence, the change of the gra- 
dient slope is easier to detect. 

On the other hand, Figs. [9j [TO] andlllldo not provide a solid 
case in favour of the existence of an abundance discontinuity in 
the transition from th e in ner to outer disc, as was suggested by 
IBresolin et all d2009tj) and lGoddard et al.l d201 ll) . Even if this abun- 
dance discontinuity exists, its amplitude is not in excess of the scat- 
ter in abundances among Hn regions with similar galactocentric 
distances. 



4 SUMMARY AND CONCLUSIONS 

In this paper, a new way of determining abundances and electron 
temperatures in H 11 regions based on strong emission lines is sug- 
gested. Our approach is based on the standard assumption that H 11 
regions with similar strong-line intensities have similar physical 
properties and abundances. A sample of reference H 11 regions with 
well-measured abundances is obtained, from which we choose a 
counterpart for the considered H 11 region by comparison of com- 
binations of strong-line intensities. The oxygen and nitrogen abun- 
dances, as well as the electron temperature in the studied H 11 region 
may then be assumed to be the same as that in its counterpart. In 
other words, we suggest a method where abundances in H 11 regions 
are obtained "by precedent". 

To get more reliable abundances, we select a number of ref- 
erence H 11 regions with abundances near those in the counterpart 
H 11 region and then derive the abundance in the studied H 11 region 
through extra-/interpolation. We call this the counterpart method 
or, for brevity, the C method. 

We have carried out an extensive search of the literature to 
compile a list of individual spectra of H11 regions in irregular 
and spiral galaxies, with the requirement that they include the 
[On]i3727+i3729, [Om]/I5007, [Nn]^6584, [S n]^6717+i6731 
lines and a detected auroral line of, at least, one ion. The spectro- 
scopic data so assembled form the basis of the present study. Our 
list contains 714 spectra. Since two or three auroral lines are de- 
tected in some spectra the total number of the electron temperature 
measurements is equal to 899. To ensure that we have a relatively 
homogeneous data set, we recalculated electron temperatures and 
oxygen and nitrogen abundances for all the H 11 regions. Then we 
selected a sample of the reference H 11 regions from the collected 
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data. The list of our reference Hn regions (RsamplelO) contains 
414 objects. 

To verify the C method we considered the radial distributions 
of the oxygen and nitrogen abundances in the discs of the spiral 
galaxies M 101, NGC 300, and M 51 for which abundance gradi- 
ents were established on the basis of observed Hn regions with 
measured electron temperatures. We found that the radial abun- 
dance gradients in the discs of these galaxies, as obtained by the 
C method and the T e method, are in satisfactory agreement. This 
is evidence in favour of the C method producing reliable abun- 
dances. Thus, the strong lines [On]^3727+i3729, [O m]/l5007, 
[Nn]/16584, and [S n]i6717+/16731 allow us to estimate the oxy- 
gen and nitrogen abundances in H n regions using the C method and 
the resultant abundances are compatible with the 7Vbased abun- 
dances. If the errors in the line measurements are within 10% then 
one can expect that the uncertainty in the C-based abundances are 
not in excess of 0.1 dex. 

Finally, the C method has been applied to study the radial 
abundance distributions in the extended discs of the spiral galax- 
ies M 83, NGC 4625, and NGC 628, which have been suggested to 
show shallower oxygen abundance gradients in the outer disc (be- 
yond the isophotal radius) than in the inner disc, and to investigate 
a discontinuity in the gradient that occurs in proxim ity of the opti- 
cal edg e of t he galaxy. We confirm the conclusion of lBresolin et al.l 
(2009^) and lGoddard et al.l J20T 1) that the abundance gradient be- 
comes flatter at the transition between the inner and outer disc. We 
found that the change in the gradient slope is more distinct in the 
radial distribution of nitrogen than of oxygen abundances, which 
is expected. On the other hand, we do not find solid evidence for 
the existence of an abundance disconti nuity at the transition from 
the inner to the outer disc as found by iBresolin e t al. (2009a|) and 
Godd ard" et alj d201ll) . Even if this abundance discontinuity is real 
its amplitude is not in excess of the scatter in abundances among 
Hn regions with similar galactocentric distances. 
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APPENDIX A: ONLINE MATERIAL. TABLE Al. 

Table lATI contains the dereddened line intensities, oxygen and ni- 
trogen abundances and the electron temperatures of the reference 
H ii regions. 
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Table Al. List of the reference H n regions. The order number of each object is shown in column 1. The dereddened line intensities (in units of H/3 line flux) 
are given in columns 2 to 5. The r E -based oxygen and nitrogen abundances (in units of 12 + log(X/H)) are listed in columns 6 and 7. The electron temperature 
(in units of 10 4 K) is reported in column 8. The index jj in column 9 is equal to 1 when the electron temperature is derived from the auroral and nebular 
lines of [O in], equal to 2 when the temperature is derived from the lines of [N n], and equal to 3 when the temperature is derived from the lines of [S m], (The 
electron temperature reduced to ti([0 in]) is reported in all cases.) The H n region identifier and the literature sources of the spectral data are listed in columns 
10 and 11. 
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Table Al. Continued 
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Table Al. Continued 



n 


logR 3 


logR 2 


logN 2 


logS 2 


12+log(0/H) 


12+log(N/H) 






H ii region 


reference 


122 


0.849 


0.057 


-1.136 


-0.710 


7.91 


6.50 


1.43 
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TOL 1924-416 no 2 


Guseva et al. (2011) 
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7.72 


6.25 


1.70 


1 


PHL 293 B 


Guseva et al. (201 1) 
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Guseva et al. (2011) 


125 


0.614 
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Haaele et al. (2008) 


126 


0.913 


-0.071 


-1.243 


-0.870 


8.01 


6.59 


1.35 


3 


J161623+470202 


Hagele et al. (2008) 
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J172906+565319 


Hagele et al. (2008) 
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-0.418 
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8.29 


7.18 
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M101 NGC 5455 


Hawlev (1978) 
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-1.274 
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7.64 
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1.68 


j 


WLM no 7 


Hodge & Miller (1995) 
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8.03 
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1.21 




WLM no 9 


Hodge & Miller (1995) 
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1.66 
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Izotov et al. (1994) 
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Izotov et al. (1994) 
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1135+581 


Izotov et al. (1994) 
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-1.534 
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5.94 
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j 


1159+545 


Izotov et al. (1994) 
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7.64 


6.10 


1.70 




1211+540 


Izotov et al. (1994) 
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-1.371 


-0.921 


7.78 


6.29 


1.60 




1331+493N 


Izotov et al. (1994) 
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0.845 
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-1.105 


-0.642 


7.94 


6.46 


1.41 
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Izotov et al. (1994) 
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-1.496 


-1.066 
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Izotov et al. (1997) 
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-0.708 


7.82 
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1.49 




0723+692B 


Izotov et al. (1997) 
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-0.369 


8.02 


6.53 
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Izotov et al. (1997) 
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0.222 
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6.43 


1.53 
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0749+568 


Izotov et al. (1997) 
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1.021 


0.101 
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-0.775 


8.15 
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1.33 
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Izotov et al. (1997) 
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-1.358 
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6.43 


1.44 
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0907+543 


Izotov et al. (1997) 
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-1.113 


-0.556 


7.85 


6.27 


1.51 




0917+527 


Izotov et al. (1997) 
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0.803 


0.252 


-0.957 


-0.484 


7.92 


6.49 


1.43 
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0926+606 


Izotov et al. (1997) 
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0.404 


-0.389 


-1.797 


-1.292 


7.15 


5.64 


1.93 


j 


0930+554 


Izotov et al. (1997) 


147 


0.724 


-0.244 


-1.672 


-1.143 


7.41 


5.89 


2.02 
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0940+544N 


Izotov et al. (1997) 


148 


0.825 


-0.014 


-1.385 


-0.788 


7.79 


6.23 


1.55 




1030+583 


Izotov et al. (1997) 
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0.898 


0.028 


-1.195 


-0.799 
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6.53 


1.38 
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Izotov et al. (1997) 
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-1.445 
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6.29 


1.67 
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Izotov et al. (1997) 
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0.662 
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-1.177 


-0.750 


7.69 


6.20 


1.54 




1 124+792 


Izotov et al. (1997) 


152 


0.887 


-0.059 


-1.358 


-0.873 


7.75 


6.29 


1.69 




1128+573 


Izotov et al. (1997) 


153 


0.899 


0.068 


-1.296 


-0.810 


7.96 


6.37 


1.42 




1222+614 


Izotov et al. (1997) 


154 


0.868 


-0.143 


-1.414 


-0.975 


7.75 


6.32 


1.63 


! 


1223+487 


Izotov et al. (1997) 


155 


0.887 


0.042 


-1.213 


-0.780 


8.00 


6.50 


1.36 


j 


1256+351 


Izotov et al. (1997) 


156 


0.640 


0.388 


-0.669 


-0.189 


7.92 


6.62 


1.35 


j 


1319+579B 


Izotov et al. (1997) 


157 


0.816 


0.177 


-0.957 


-0.466 


8.01 


6.62 


1.31 


j 


1441+294 


Izotov et al. (1997) 


158 


0.795 


0.341 


-0.872 


-0.441 


8.09 


6.60 


1.26 


1 


1535+554 


Izotov et al. (1997) 


159 


0.414 


-0.542 


-1.922 


-1.432 


7.12 


5.64 


1.98 


j 


IZw 18 NW 


Izotov & Thuan (1998a) 


160 


0.327 


-0.228 


-1.575 


-1.155 


7.15 


5.69 


1.89 


j 


IZw 18 SE 


Izotov & Thuan (1998a) 


161 


0.863 


0.115 


-1.332 


-0.772 


7.82 


6.20 


1.58 




Mrk 600 


Izotov & Thuan (1998b) 


162 


0.705 


0.328 


-0.736 


-0.399 


8.07 


6.71 


1.21 


j 


Mrk 5 


Izotov & Thuan (1998b) 


163 


0.908 


0.206 


-0.917 


-0.578 


8.00 


6.65 


1.41 


j 


Mrk 1271 


Izotov & Thuan (1998b) 


164 


0.808 


0.112 


-1.152 


-0.697 


7.82 


6.36 


1.52 


, 


Mrk 36 


Izotov & Thuan (1998b) 


165 


0.690 


0.518 


-0.571 


-0.287 


8.17 


6.78 


1.19 


j 


Mrk 162 


Izotov & Thuan (1998b) 


166 


0.904 


-0.278 


-1.554 


-1.027 


7.78 


6.34 


1.62 




UM 461 


Izotov & Thuan (1998b) 


167 


0.817 


0.241 


-1.013 


-0.553 


7.97 


6.48 


1.38 




UM 462 SW 


Izotov & Thuan (1998b) 


168 


0.695 


-0.169 


-1.554 


-1.018 


7.47 


5.97 


1.85 




SBS 1159+545 


Izotov & Thuan (1998b) 


169 


0.787 


0.097 


-1.285 


-0.910 


7.71 


6.17 


1.65 


, 


SBS 1249+493 


Izotov & Thuan (1998b) 


170 


0.659 


0.05 1 


-1.332 


-0.799 


7.57 


6.04 


1.71 


j 


SBS 1415+437 


Izotov & Thuan (1998b) 


171 


0.744 


0.375 


-0.721 


-0.331 


8.09 


6.71 


1.23 


j 


Mrk 930 


Izotov & Thuan (1998b) 


172 


0.367 


-0.299 


-1.700 


-1.161 


7.15 


5.64 


1.92 


1 


I Zw 1 8 Southeast 


Izotov et al. (1999) 


173 


0.684 


-0.171 


-1.621 


-0.959 


7.52 


5.93 


1.75 




Tol 65 


Izotov etal. (2001) 


174 


0.731 


-0.348 


-1.762 


-1.119 


7.47 


5.94 


1.89 




Tol 65 no 1 


Izotov et al. (2004) 


175 


0.639 


-0.165 


-1.496 


-0.936 


7.44 


5.98 


1.83 




Tol 65 no 2 


Izotov et al. (2004) 


176 


0.776 


-0.143 


-1.514 


-0.947 


7.58 


6.08 


1.78 




HS 0122+0743 


Izotov & Thuan (2004) 


177 


0.978 


-0.103 


-1.025 


-0.796 


8.16 


6.96 


1.25 




HS 0128+2832 


Izotov & Thuan (2004) 


178 


0.994 


-0.186 


-1.429 


-0.879 


7.86 


6.45 


1.64 




HS 0134+3415 


Izotov & Thuan (2004) 


179 


0.698 


0.257 


-1.263 


-0.693 


7.67 


6.00 


1.68 




UM 133 


Izotov & Thuan (2004) 


180 


0.588 


0.366 


-0.468 


-0.391 


8.25 


7.04 


1.02 




Mrk 1063 


Izotov & Thuan (2004) 


181 


0.940 


0.069 


-1.136 


-0.767 


7.97 


6.55 


1.45 




HS 0811+4913 


Izotov & Thuan (2004) 


182 


0.865 


0.039 


-1.371 


-0.903 


7.76 


6.19 


1.65 




CGCG 007-025 no 1 


Izotov & Thuan (2004) 


183 


0.783 


0.194 


-1.223 


-0.719 


7.73 


6.15 


1.66 




CGCG 007-025 no 2 


Izotov & Thuan (2004) 


184 


0.909 


0.164 


-0.868 


-0.604 


8.17 


6.85 


1.22 




Mrk 1236 


Izotov & Thuan (2004) 
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Table Al. Continued 



n 


logR 3 


logR.2 


logN 2 


logS 2 


12+log(0/H) 


12+log(N/H) 


t 3 


jr 


H 11 region 


reference 


185 


853 


176 


1 ins 

- 1 . 1UJ 


-0 724 


8 06 
o.uo 


6 S1 
O.J 1 


1 9Q 


I 


MrL- 794 


T 7n t nv St Thimn (H}C\A\ 
1ZULOV Oc 1 IlLldll \ A\J\JH } 


i 86 

1 oO 


1 09 Q 
1 .UZy 


O 09 A 

u.uzt 


1 911 
- 1 .Z J J 


O 8S4 


8 08 
0.U0 


6 SQ 

0. jy 


1 41 
1 .'tl 


1 


T TlVr 41Q 

U1V1 tJ7 


Tvr\tn\7 Rt Thuan (1(\C\A\ 

izoiuv oc i nudn y zuu^t ) 


187 


0.726 


0.442 


-0.851 


-0.487 


8.09 


A Z1 
O.JZ 


1 

l.ZJ 


1 


Pox 36 


Izotov & 1 nuan ( 2UU4 ) 


188 


0.905 


0.035 


-1.120 


-0.907 


8.01 


6.62 


1.36 


2 


Mrk 1 3 15 


Izotov & Inuan (2004) 


189 


628 


494 


ftii 

-U.U J J 


-0 511 


8 26 


6 78 
0. / 


1 07 
1 .u / 


[ 


1 9 1 l_i_1616 A 
no 1 z 1 jtjojoa 


IZUIOV Ot 1 IlLldll I. zuut ^ 


i qo 
1 vu 


(1 887 


O 1 AS 
U. 1*40 


1 111 
-1.1 1 j 


O 781 
-U. / oj 


8 04 


6 SI 
O. J J 


1 11 
1 . J J 


1 
1 


tjc 1 9 1 4_i-1801 
rio izi'-f- hJoui 


T 7n frn; A Tliinn ^9004^t 

izoiov ol inudn izuu4j 


f O T 


0.864 


u.uy4 


-1.037 


-0.836 


8. 14 


A 7 1 

0. / 1 


1.20 


1 


MrK Ijzy 


Izotov & Inuan (zUU4) 


192 


0.830 


0.248 


-0.823 


-0.577 


O 1 A 

0. lo 


A 70 

0. /y 


1 1 
i.iy 


2 


MrK 4jU no 1 


Izotov <sl Inuan (zUU4) 


1 Gl 
lyj 


a 8/19 

U.04Z 


O 917 
U.ZJ / 


O 861 
-U.oo J 


a ^ 1 1 

-U.J 1 J 


8 11 
O.ll 


6 79 
O. /Z 


1 9^ 

1 .Zj 




\/T»4- A ^ A 9 

ivirK 4ju no z 


T^ntn,, P r Thuon ^'9AA/1^ 

izotov ol inuan izuu4j 


194 


876 


9SQ 

U.ZJ7 


1 017 
- 1 .UJ / 


SQ7 
-\J.Jy 1 


8 07 
o.u / 


6 S9 
O.JZ 


1 3 1 




Mrk 67 


T 7 rttnv Thnnn f'9004'1 
1ZULOV Oc 1 IlLldll [ZUUtj 


!QS 

1 J J 


805 


-0 216 


-1 646 


-1 222 


7 41 
/ .4 J 


S Q4 

J.7t 


9 1 1 

Z. 1 J 




9916-1- 1 144 
no ZZ JUt 1 J4t 


IZOIUV OL 1 IlLldll \Z.\JV) l t) 


f OA 

ivo 


n 01*3 


a no7 
U.Uo / 


1 ooa 


n n ai 
-U. /4z 


Q A/1 
0.U4 


A Al 

o.ol 


1 "27 
L.J I 




\(f 1 A 1 1 

M1U1 no 1 


Ti/itnu TVi„on /'7AA/1^ 

izotov ol inuan (zUU4) 


1 07 


A 7QA 

U. fy\J 


O 188 
U. Joo 


O 7O0 
-U. I\)y 


O 1Q6 

-u. jyo 


8 AO 
o.UU 


6 66 
0.00 


1 11 
L.J 1 




A.A1 A1 nr. 9 

iviiui no z 


izoiov oz. inuan (zuu4j 


1 7(1 


O 708 
U. /UO 


160 
U. JOU 


O 446 


O S1 Q 

-u.j ly 


8 16 

O.JO 


7 16 
/ . IO 


O QQ 

u.yy 




TVT1 01 nr» 1 

iviiui no j 


Tvr\tn\7 Xt Thuan ("9A04~1 

izoiov ol i nLian 


I OQ 

i J J 


655 


418 


4S0 


414 


8 9Q 


7 OS 
/ .UJ 


1 01 

1 .UJ 




Ml 01 nn 4 
1V1 1 u 1 nu t 


Tvntnv Rr Thnnn f'9004'1 
IZOIOV OL 1 IlLldll \Z.\)\J'-r) 


900 


O 699 
U.OZZ 


O 69Q 

-u.ozy 


1 Q99 

- 1 .yzz 


1 481 

- 1 .'+0 1 


1 9S 
/ .ZJ 


S 88 
J.00 


9 08 
Z.Uo 




OllS OS9F nl4-9 1r 

ujjj-ujzxj. ni+z ir 


I Tn tnv /if ol /900Q\ 
IZOLOV cL dl. (ZL^Ljy^ 


ZU 1 


O 606 

u.ouo 


O 669 

-u.ooz 


1 876 
-l.o/O 


1 4S6 

- 1 .'too 


7 91 
/ .Zl 


S Ql 

j.yj 


9 1 S 
Z. 1 j 




OllS OS9F n 1-1-9 hr 

ujjj-ujzn ni+z m 


I 7r ,tAi; f>t ol /900Q\ 
IZOLOV CL dl. izuuy^ 


9 no 
zuz 


A /199 
U.4ZZ 


O 6A6 

-U.ouo 


1 876 
-l.O/O 


1 9Q9 

- 1 .zyz 


7 AO 

/.uy 


j. / j 


9 OS 
Z.UJ 




ujjj-ujZxj, n / ir 


IZOtOV ct ai. \ZX)\)y) 


901 

ZU J 


413 


£09 


1 Q71 
- 1 .y 1 J 


-1 337 


7 1 1 
/ . 1 J 


S 66 

J.OO 


1 Q4 
1 .y+ 




OllS OS9F n7 hr 
UJJJ UJZXi 11/ 111 


lyntrsv pf nl ^90OQ^ 
1ZULOV CL dl. \Z.\)\)y) 


204 


238 


-0 124 


-1 345 


-0 959 


7 21 


5.84 


1 72 




011S-0S9W n1 hr 

UJJJ UJ^VV 111 111 


Tyntnv pi al ("9000^ 

1Z.UUJV CL al. \ £.\)\}y ) 


205 


858 


-0 291 


-1 646 


-1 114 


7 70 


6 1Q 
0. 1 y 


1 68 
1 .00 




PUT 9Q1R 
rrlL LyJQ 


\~7r\tn\r f*t ill /"901 1 ^ 
IZULOV CL dl. t l ZUl 1 ) 


206 


786 


445 


-0 544 


10s 

-U. JUJ 


8 18 


6 8Q 
o.oy 


1 90 
1 .zu 




TTM 106 
U1V1 JUO 


1S.C11I1U CL dl. 1 ZUL/H-^ 


ZU 1 


742 


449 


-0 715 


-0 445 


8 04 


6 69 
o.oz 


I 1 1 

L.J 1 




Tr\] 0140 490 

IOI U14U-1ZU 


K^phrio pf nl (1V\C\A.\ 
IVCIlIlii CL dl. \Z.\J\j'-r) 


"'OS 


948 


182 


-1 063 


870 
-u.o / u 


8 16 
O.lO 


6 64 

O.OH 


1 96 
1 .zo 




TTM 1Q6 

U1V1 J7O 


K>hria pf nl ('9004 1 1 
rvCllllU CL dl. \ Z.yJU'-r) 


9 HQ 


840 


277 


-0 898 


-0 423 


7 QQ 
/ .yy 


6 S8 
O.Jo 


1 18 

1 .JO 




T TM 408 


T^phrio pf fil ("9004^ 
l\.CIlIlii CL dl. t,ZUL/H-^ 


210 


798 


332 


-0 872 


-0 407 


1 QQ 
/ .yy 


6 SS 
O. J J 


1 16 

1 .JO 




Tr\l 0141 407 
IOI UJtl-tu/ 


K"phrio pf nl ^9004'! 
IVCIlIlii CL dl. \ ZUUH ,1 


9 1 I 
Z 1 1 


a 799 
u. 1 1 z 


O 1QO 

u. jyy 


O 766 
-u. /OO 


O "571 
-U.J / J 


7 OQ 
1 .yy 


6 sa 

O.Jo 


1 1Q 

1 .Jo 




T^l AS98 181 XKT 
IOI UjZo-JoJ W 


VaUrict at ol / 9 AA/I A 

ivcnrig ei ai. (zuu4j 


212 


v). I\)y 


6S1 

U.OJ J 


691 

-U.OZJ 


199 
-U. JZZ 


8 1 1 
0. 1 J 


6 60 


1 11 
1 . J J 




Tr\] OS98 181 F 
1U1 UJZO -JOJ -E 


K^phrio pf nl (0V\C\A\ 
IVCI111H CL dl. \ ZUU1 ) 


9 1 1 
Z 1 J 


957 


07Q 
-U.U / y 


Q69 
-U.7OZ 


7S4 
-u. / Jt 


8 04 


6 Q9 
o.yz 


1 16 

1 .JO 




TT 7wi 40 
11 ZjW *+u 


K^htno pf nl f 90.04 "1 
IVCIlIlii CL dl. t,ZUL/H-^ 


214 


909 


416 


716 
-u. / JO 


-0 461 


8 21 


6 78 
0. / 


1 91 
1 .Z J 




Tnl 0611 41 S 
IOI UOJJ-HIJ 


K"phrio pf nl ^9004'! 
rvCllllH CL dl. \ ZUUH-J 


9 1 S 

Zl J 


784 


1 OS 

-U. 1UJ 


-1 445 


71S 
-U. / J J 


7 67 


6 17 
0.1/ 


1 66 
1 .00 




r"nm 0840-1- 1 044 
V^dill UotUTllrrt 


K>Viritr pf nl f'9004'1 
JVcIlllid, CL dl. \ZX)\)'-x) 


9 1 A 
Z ID 


n 67^ 
u.o / J 


10a 

U. jyo 


O 766 
-U. /OO 


O 18Q 

-u. Joy 


8 Al 
O.U1 


6 sa 

O.Jo 


I 7 a 

l.ZO 




T^l AQS7 978 

101 uyj /-z /O 


LfaUr\ rr at ol / 9 OA/I \ 

ivcnii.s ct ai. (zuu4j 


9 1 "7 
Z I / 


A 7A7 
U. /OZ 


a toa 
u.zyu 


n ao 1 

-u.oy 1 


-U. j4 / 


Q 1A 

o.z4 


A Ol 

o.y 1 


1 AO 

1 .uy 


[ 


TV.1 1 AA/1 7 OA 

101 iuu4-zyo 


LS~aUri r\ at ol /7AA/1 \ 

rveniig et ai. (zUU4) 


218 


n 7iQ 

U. / JV 


314 


-0 661 


-0 519 


a 21 


6 QO 
0. vu 


1 10 

1 . 1U 




Tr\l 1 004 9Q6 *\F 
IOI IUUH—Z7O OE 


Ifpfiritr pf nl ^9004^ 
rvCllIlg CL dl. (ZL/UH-^ 


9 1 Q 
Z 1 V 


O QS4 


O 17S 
U.J / J 


O 880 
-u.ooy 


O S9Q 

-u. jzy 


8 16 
o.lO 


6 64 
o.ot 


1 . J 1 




PTQ 1 01 1 

y^, 1 iui 1 


Kp-hrin at ol (9004*1 

jveiirifj cl di. \L\jy) L t) 


99(1 

zzu 


847 


381 


S84 
-U. Jo't 


4Q1 
-U.'+y 1 


8 96 
o.zo 


6 Q7 
o.y / 


1 1 S 
1 . 1 j 




fTC 1090 

L-lo 1 UZU 


K>hritr pf nl ('900/1 "\ 
ivciniii cl dl. yz.yju'-t) 


ZZ 1 


A 7a A 
U. /OU 


a a <7 
U.4jz 


-U.000 


-U.Jo / 


no 

o.uy 


a ?n 
O.jU 


1 JO 

i.zy 




r^T"Q 1 A77 

Llo J Uzz 


IfaUr-i it at ol /7AA/1\ 

ivenng et ai. (zUU4) 


222 


u.y lo 


0.199 


-0.968 


n AAA 
-U.OUO 


7 OO 

/.yy 


A AA 

0.0U 


1 A A 
L .44 


] 


ran all JU 


Renng et al. (zUU4) 


991 

ZZ J 


O 741 
U. /4-1 


O 901 
U.ZUJ 


1 1 90 
-1.1 zu 


O S71 
-U.J / J 


7 8S 

/ .OJ 


6 11 
O.J 1 


1 44 
1 .ft 




AAVr 16 
1V1KT JO 


K>Vii-icT pf nl i'9004'l 

rvenrm ei di. (zul/m-^ 


994 


879 


9S1 
U.ZJ J 


1 011 
- 1 .UJ 1 


S07 
-U. JU / 


7 Q6 
/ .70 


6 46 
o.to 


1 4S 
1 .M-J 




TTM 41Q 
uivi tjy 


Tfphrio pf nl O0C\A\ 
rvCIlIlli CL dl. \Z,\JU'-t) 


99 S 

ZZJ 


O Q41 


O 1 44 
U. 1^4- 


1 198 
- 1 . IZo 


O 190 
-U. JZU 


8 09 
o.UZ 


6 S9 
O. JZ 


1 41 




TTA/T 41Q PC 

uivi 4-jy oii 


¥"phrirr pf nl /9004A 

i\.cnriii eL di. tzuLU-^ 


226 


575 


512 


-0 275 


-0 183 


8 20 


7 08 


1 10 
1 . 1U 




T TM 448 


TfpViria pf nl (0(\C\A \ 
l\.CllllLi CL dl. t,ZUL/H-^ 


997 

zz / 


O 8S7 

U.O J / 


O 078 
U.U / 


1 1 16 
-1.1 JO 


O S49 
-U. J4-Z 


7 QO 

/ .yu 


6 48 
O.*4o 


1 4S 
1 .'tj 




TTAA 4SS WW 
UIVI tJJ IN W 


K"phri(T pf nl f'9004'1 

jS-ciiiiii ei di. (zul/4-j 


228 


797 


311 


Q7Q 
-\J.y l y 


4QQ 


7 Q1 

/.71 


6 41 


1 46 




TTM 4S6 


K"phria pf nl (0C\C\A\ 
rvCllllii CL dl. yz.yJU'-t) 


99Q 

zzv 


O 8 AO 


O 1 8S 
U. 1 oj 


1 011 
- 1 .UJ 1 


614 
-U.O 14 


7 Q9 

/ .yz 


6 4Q 


1 44 
1 ,44 




TTA/T 4S6 
UIVI 4- JO 1N1j< 


Lfahricr at nl /9004\ 

i\.cnriii eL di. tzuLU-^ 


230 


769 


147 
U. J4 / 


Q49 


-0 446 


8 02 


6 48 


1 11 
1 . j 1 




TTM 4S6 (~Vnt 
UIVI tJO v^clll 


Tfphrio Pt nl ("9004^ 

reeling eL di. t,zuL/H-^ 


91 1 

Z J 1 


O 88ft 
L/.000 


1 01 
-U. 1UJ 


1 691 
- 1 .OZl 


O Q1 4 

-u.y 1*4 


7 79 
/ . /z 


6 06 

o.uo 


1 79 
1 . /z 




T TAA 46 1 
UIVI 'H-Ol 


K"phri(T pf nl f'9004'1 

is.cniiii ei di. yz\Ju L t) 


919 

Z JZ 


917 


1 SQ 
-U. 1 Jy 


-1 534 


Q9 1 

-u.?zi 


7 74 


6 22 


1 79 
1 . /z 




T TM 46 1 F 
U 1V1 H-0 1 LZ 


Tfphria pf nl O0C\A\ 

rvciniii eL di. yz.yju'-t) 


911 

ZJ J 


O 749 
U. /4-Z 


O 161 
U. JOJ 


O Q71 

-u.y / j 


O 474 


7 Q1 

/ .y 1 


6 is 
0. jj 


1 41 
1 J 




T TA/T 469 
UIVI 4-OZ 


Lfahricr at nl /9004A 

i\.enriii eL di. tzuLU-^ 


91/1 
ZJ4 


n 777 

U. / J / 


O 1/1/1 
U. J44 


1 0^7 
- 1 . UJ / 


A ^9/1 
-U. JZ4 


7 Q/1 

/ .y4 


6 10 

O.JU 


1 1Q 

1 . jy 




TTA/T /1 69 WTJ 
UIVI 40Z TNrj, 


1faUrirt at ol ^9 AA/1 \ 

ivenns et ai. izuu4^ 


91 ^ 

ZJ J 


O 861 
U.OO J 


O /198 
U.4Z0 


O 891 
-U.oZJ 


A A ^A 
-U.4JU 


8 11 

0.11 


6 6O 
O.OU 


1 11 

1 . JZ 




TTA/T /iai 
UIVI 40 J 


IfaUrirt at ol ^9 AA/1 \ 

ivenns et ai. <zuu4j 


236 


0.441 


0.366 


-0.903 


-0.450 


7.68 


6.21 


1.52 




DDO 155 


Kehrig et al. (2004) 


237 


0.965 


0.027 


-1.160 


-0.674 


7.97 


6.57 


1.48 




CTS 1033 


Kehrig et al. (2004) 


238 


0.811 


0.341 


-0.917 


-0.446 


8.04 


6.53 


1.32 




Tol 1457-262 SE 


Kehrig et al. (2004) 


239 


0.652 


0.552 


-0.575 


-0.199 


8.12 


6.71 


1.23 




Tol 1457-262 W 


Kehrig et al. (2004) 


240 


0.636 


0.567 


-0.511 


-0.208 


8.14 


6.77 


1.21 




Tol 1457-262W CeW 


Kehrig et al. (2004) 


241 


0.644 


0.551 


-0.575 


-0.202 


8.08 


6.68 


1.27 




Tol 1457-262W CeE 


Kehrig et al. (2004) 


242 


0.866 


0.181 


-0.973 


-0.623 


7.97 


6.59 


1.40 




Tol 1924-416 


Kehrig et al. (2004) 


243 


0.850 


0.178 


-0.942 


-0.622 


7.98 


6.63 


1.37 




Tol 1924-416 W 


Kehrig et al. (2004) 


244 


0.885 


0.182 


-1.031 


-0.633 


7.97 


6.54 


1.42 




Tol 1924-416 E 


Kehrig et al. (2004) 


245 


0.903 


-0.268 


-1.098 


-0.886 


7.99 


6.91 


1.34 




M33 MA 1 


Kehrig, etal. (2011) 


246 


0.767 


0.332 


-0.496 


-0.377 


8.15 


7.01 


1.18 




M33BCLMP 651 


Kehrig etal. (2011) 


247 


0.470 


0.207 


-1.001 


-0.614 


7.66 


6.24 


1.45 




DDO 154 no 2 


Kennicutt & Skillman (2001) 

























C method 19 



Table Al. Continued 



n 


logR 3 


logR 2 


logN 2 


logS2 


12+log(0/H) 


12+log(N/H) 


t3 


jr 


H ii region 


reference 


248 


0.470 


0.207 


-1.001 


-0.614 


7.66 


6.24 


1.45 


1 


DDO 154 no 2 


Kennicutt & Skillman (2001) 


249 


0.137 


0.274 


-0.066 


-0.541 


8.49 


7.60 


0.72 


2 


M101 H 1013 


Kennicutt et al. (2003) 


250 


0.624 


0.267 


-0.352 


-0.618 


8.38 


7.33 


0.92 


2 


M101 H 1105 


Kennicutt et al. (2003) 


251 


0.625 


0.297 


-0.503 


-0.526 


8.30 


7.10 


0.97 


1 


M101 H 1159 


Kennicutt et al. (2003) 


252 


0.691 


0.204 


-0.550 


-0.638 


8.28 


7.14 


1.00 


1 


M101 H 1176 


Kennicutt et al. (2003) 


253 


0.799 


0.179 


-0.831 


-0.793 


8.16 


6.83 


1.15 




M101 H 1216 


Kennicutt et al. (2003) 


254 


0.716 


0.161 


-0.558 


-0.633 


8.26 


7.16 


1.02 




M101 H 128 


Kennicutt et al. (2003) 


255 


0.626 


0.326 


-0.321 


-0.429 


8.34 


7.29 


0.96 


1 


M101 H 149 


Kennicutt et al. (2003) 


256 


-0.514 


0.250 


0.106 


-0.246 


8.61 


7.80 


0.59 




M101 H336 


Kennicutt et al. (2003) 


257 


0.692 


0.338 


-0.440 


-0.506 


8.28 


7.13 


1.03 




M101 H409 


Kennicutt et al. (2003) 


258 


0.550 


0.493 


-0.503 


-0.326 


8.15 


6.83 


1.13 




M101 H70 


Kennicutt et al. (2003) 


259 


0.933 


0.025 


-1.044 


-0.801 


8.05 


6.74 


1.33 


1 


M101 NGC5471-A 


Kennicutt et al. (2003) 


260 


0.886 


0.137 


-0.947 


-0.686 


8.06 


6.72 


1.30 




M101 NGC5471-D 


Kennicutt et al. (2003) 


261 


0.480 


0.288 


-0.979 


-0.682 


7.55 


6.13 


1.68 


1 


M101 SDH 323 


Kennicutt et al. (2003) 


262 


-0.575 


0.267 


0.115 


-0.167 


8.65 


7.81 


0.58 




M101 Searle 5 


Kinkel & Rosa (1994) 


263 


0.673 


-0.480 


-1.700 


-1.337 


7.33 


6.02 


2.05 


1 


HS 0822+3542 


Kniazev et al. (2000) 


264 


0.772 


0.295 


-0.246 


-0.319 


8.21 


7.34 


1.12 


1 


NGC 5253 HII-2 


Kobulnickv et al. (1997) 


265 


0.811 


0.114 


-0.863 


-0.742 


8.17 


6.87 


1.14 


1 


NGC 5253 UV-1 


Kobulnickv et al. (1997) 


266 


0.766 


0.427 


-0.808 


-0.585 


8.18 


6.64 


1.18 


1 


POX 36 


Kunth & Sargent (1983) 


267 


0.965 


-0.057 


-1.091 


-0.889 


8.01 


6.75 


1.41 


1 


POX 108 


Kunth & Sargent (1983) 


268 


0.880 


0.167 


-1.084 


-0.712 


7.97 


6.49 


1.41 


1 


POX 139 


Kunth & Sargent (1983) 


269 


0.769 


0.290 


-0.927 


-0.662 


8.03 


6.55 


1.28 


1 


Tol2 


Kunth & Sargent (1983) 


270 


0.853 


0.314 


-0.979 


-0.812 


8.11 


6.54 


1.27 


1 


Tol 35 


Kunth & Sargent (1983) 


271 


1.013 


-0.191 


-1.144 


-1.032 


8.13 


6.92 


1.31 


1 


II Zw 40 


Kunth & Sargent (1983) 


272 


0.744 


0.240 


-0.646 


-0.879 


8.42 


7.12 


0.94 


1 


M33 MA3 


Kwitter & Aller (1981) 


273 


0.444 


0.420 


-0.426 


-0.600 


8.37 


7.08 


0.91 




M33 NGC 604 


K witter & Aller (1981) 


274 


0.874 


0.030 


-1.025 


-0.936 


8.07 


6.74 


1.26 


1 


M33 IC 132 


Kwitter & Aller (1981) 


275 


0.719 


0.320 


-1.001 


-0.378 


7.92 


6.36 


1.38 


1 


WLM HM 9 (ap2) 


Lee et al. (2005) 


276 


0.697 


0.310 


-0.957 


-0.399 


7.95 


6.43 


1.32 




WLM HM 9 (ap3) 


Lee et al. (2005) 


277 


0.670 


0.405 


-0.604 


-0.281 


8.03 


6.74 


1.27 


1 


VCC 0848-1 


Lee et al. (2003a) 


278 


0.560 


0.618 


-0.471 


-0.377 


8.27 


6.84 


1.09 


1 


A1243-335 A 


Lee et al. (2003b) 


279 


0.271 


0.393 


-0.881 


-0.378 


7.65 


6.17 


1.47 


' 


KISSB 23 


Lee et al. (2004) 


280 


0.683 


0.417 


-0.952 


-0.503 


7.95 


6.34 


1.36 


1 


KISSR 73 


Lee et al. (2004) 


281 


0.854 


0.160 


-1.084 


-0.967 


8.21 


6.64 


1.14 


1 


NGC 6822 V 


Lequeux et al. (1979) 


282 


0.854 


0.160 


-0.815 


-0.812 


8.29 


6.97 


1.07 


1 


IC 10 no 2 


Lequeuxetal. (1979) 


283 


0.744 


0.490 


-0.756 


-0.456 


8.08 


6.57 


1.29 


1 


II Zw 70 


Lequeux et al. (1979) 


284 


0.562 


0.542 


-0.468 


-0.144 


8.21 


6.86 


1.11 


1 


HGC 31 E 


Lopez-Sanchez et al. (2004) 


285 


0.861 


0.207 


-0.885 


-0.539 


8.10 


6.73 


1.26 


1 


HGC 31 Fl 


Lopez-Sanchez et al. (2004) 


286 


0.740 


0.323 


-0.868 


-0.479 


8.08 


6.60 


1.23 


1 


HGC 31 F2 


Lopez-Sanchez et al. (2004) 


287 


0.610 


0.614 


-0.396 


-0.093 


8.21 


6.89 


1.16 


1 


HGC 31 G 


Lopez-Sanchez et al. (2004) 


288 


0.887 


0.137 


-0.411 


-0.588 


8.24 


7.37 


1.13 




NGC5253 A 


Lopez-Sanchez et al. (2007) 


289 


0.900 


0.130 


-0.485 


-0.648 


8.22 


7.29 


1.16 




NGC5253 B 


Lopez-Sanchez et al. (2007) 


290 


0.787 


0.261 


-0.804 


-0.583 


8.24 


6.83 


1.09 


1 


NGC5253 C 


Lopez-Sanchez et al. (2007) 


291 


0.601 


0.548 


-0.524 


-0.187 


8.19 


6.79 


1.14 




NGC5253 D 


Lopez-Sanchez et al. (2007) 


292 


0.750 


0.281 


-0.709 


-0.431 


8.06 


6.79 


1.24 


1 


Mrk5 A-INT-1 


Lopez-Sanchez & Esteban (2009) 


293 


0.757 


0.328 


-0.730 


-0.418 


8.07 


6.73 


1.24 


1 


Mrk 5 A-INT-2 


Lopez-Sanchez & Esteban (2009) 


294 


0.796 


0.167 


-0.309 


-0.413 


8.34 


7.48 


1.01 


1 


IRAS 08208-2816 C 


Lopez-Sanchez & Esteban (2009) 


295 


0.482 


0.446 


-0.283 


-0.163 


8.21 


7.11 


1.03 


1 


IRAS 08208-2816 3 


Lopez-Sanchez & Esteban (2009) 


296 


0.608 


0.400 


-0.299 


-0.058 


8.24 


7.18 


1.04 


1 


IRAS 08208-2816 5 


Lopez-Sanchez & Esteban (2009) 


297 


0.988 


-0.000 


-1.253 


-0.860 


8.05 


6.57 


1.39 




Pox 4 


Lopez-Sanchez & Esteban (2009) 


298 


0.918 


0.001 


-1.128 


-0.767 


8.01 


6.64 


1.36 




SBS 1054+365 


Lopez-Sanchez & Esteban (2009) 


299 


0.806 


-0.109 


-1.534 


-0.979 


7.65 


6.08 


1.72 




SBS 1211+540 


Lopez-Sanchez & Esteban (2009) 


300 


0.698 


0.328 


-0.418 


-0.450 


8.21 


7.12 


1.08 




III Zw 107 A 


Lopez-Sanchez & Esteban (2009) 


301 


0.591 


0.486 


-0.308 


-0.194 


8.31 


7.14 


1.01 




III Zw 107 B 


Lopez-Sanchez & Esteban (2009) 


302 


0.872 


0.350 


-0.908 


-0.510 


8.05 


6.55 


1.36 




Tol 1457-262 A 


Lopez-Sanchez & Esteban (2009) 


303 


0.842 


0.272 


-1.120 


-0.510 


7.87 


6.29 


1.54 




Tol 1457-262 B 


Lopez-Sanchez & Esteban (2009) 


304 


0.782 


0.431 


-0.859 


-0.323 


8.03 


6.50 


1.34 




Tol 1457-262 C 


Lopez-Sanchez & Esteban (2009) 


305 


0.433 


0.408 


0.197 


-0.163 


8.45 


7.77 


0.85 




ESO 566-8 


Lopez-Sanchez & Esteban (2009) 


306 


0.619 


0.415 


-0.564 


-0.551 


8.24 


6.90 


1.05 




IC 10 HL90 


Lopez-Sanchez et al. (201 1) 


307 


0.696 


0.233 


-0.779 


-0.824 


8.30 


6.90 


1.00 




IC 10 API 


Lopez-Sanchez et al. (2011) 


308 


0.585 


0.348 


-0.638 


-0.484 


8.24 


6.87 


1.02 




IC 10 AP2 


Lopez-Sanchez et al. (2011) 


309 


0.689 


0.312 


-0.661 


-0.640 


8.21 


6.89 


1.07 




IC 10 AP3 


Lopez-Sanchez et al. (2011) 


310 


0.660 


0.199 


-0.641 


-0.770 


8.21 


7.00 


1.03 




IC 10 AP4 


Lopez- Sanchez et al. (2011) 
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Table Al. Continued 



n 


logRj 


logR 2 


logN 2 


logS 2 


12+log(0/H) 


12+log(N/H) 


t3 


k 


H ii region 


reference 


311 


0.707 


0.152 


-0.885 


-0.914 


8.24 


6.83 


1.02 


l 


IC 10 Fib 90 


Lopez-Sanchez et al. (201 1) 


312 


0.726 


0.104 


-0.917 


-0.924 


8.23 


6.84 


1.03 




IC 10 Fib 92 


Lopez-Sanchez et al. (201 1) 


313 


0.954 


0.009 


-1.001 


-0.721 


8.10 


6.83 


1.30 




M101 NGC 5471 


Luridiana et al. (2002) 


314 


0.692 


-0.315 


-0.636 


-0.775 


8.31 


7.56 


0.92 




IC 10 no 120 


Maarini & Goncalves (2009) 


315 


0.675 


0.250 


-0.648 


-0.513 


8.07 


6.86 


1.17 




NGC 2403 -133,-146 


McCall et al. (1985) 


316 


0.744 


0.396 


-0.962 


-0.456 


7.95 


6.36 


1.40 




KISSR 396 


Melbourne et al. (2004) 


317 


0.876 


0.103 


-1.136 


-0.614 


7.88 


6.45 


1.51 




KISSR 675 


Melbourne et al. (2004) 


318 


0.836 


0.311 


-0.937 


-0.472 


7.94 


6.48 


1.45 




KISSR 1 194 


Melbourne et al. (2004) 


319 


0.677 


0.038 


-1.332 


-0.730 


7.57 


6.05 


1.72 




KISSR 1752 


Melbourne et al. (2004) 


320 


0.584 


0.447 


-0.730 


-0.253 


7.96 


6.53 


1.30 




KISSR 1778 


Melbourne et al. (2004) 


321 


0.847 


0.385 


-0.847 


-0.437 


8.08 


6.59 


1.32 




KISSR 1845 


Melbourne et al. (2004) 


322 


0.667 


-0.593 


-1.797 


-1.444 


7.36 


6.05 


1.95 


j 


SBS 0335-052 B 


Melnick et al. (1992) 


323 


0.761 


0.346 


-0.876 


-0.658 


8.11 


6.60 


1.21 


j 


NGC 6822 X 


Miller (1996) 


324 


0.909 


0.036 


-1.186 


-0.775 


8.03 


6.56 


1.35 




Mrk 59 no 1 


Noeske et al. (2000) 


325 


0.714 


0.318 


-0.736 


-0.460 


7.98 


6.67 


1.31 


j 


Mrk 59 no 2 


Noeske et al. (2000) 


326 


0.674 


0.560 


-0.626 


-0.455 


8.18 


6.69 


1.19 




NGC 1313 no 7 


Paael et al. (1980) 


327 


1.010 


-0.268 


-1.253 


-1.108 


8.10 


6.87 


1.33 


j 


II Zw 40 ld86 


Pagel et al. (1992) 


328 


0.513 


0.500 


-0.136 


-0.260 


8.39 


7.34 


0.93 




NGC 3310 C 


Pastoriza et al. (1993) 


329 


0.974 


-0.240 


-1.514 


-1.119 


7.94 


6.46 


1.49 


j 


NGC 2366 NGC 2363 


Peimbert et al. (1986) 


330 


0.517 


0.360 


-0.835 


-0.469 


7.70 


6.31 


1.53 


I 


NGC 3109 no 11 


Pefia et al. (2007) 


331 


0.660 


0.212 


-0.762 


-0.319 


7.80 


6.61 


1.43 


j 


NGC 3109 no 15 


Pena et al. (2007) 


332 


0.503 


0.615 


-0.507 


-0.187 


8.07 


6.67 


1.25 




II Zw 71 B 


Perez-Montero et al. (2009) 


333 


0.816 


0.417 


-0.835 


-0.523 


8.07 


6.57 


1.32 




HS 1312+3508 


Popescu & Hopp (2000) 


334 


0.814 


0.270 


-0.922 


-0.456 


7.90 


6.50 


1.47 


j 


HS 1330+3651 


Popescu & Hopp (2000) 


335 


0.784 


-0.033 


-1.399 


-0.812 


7.71 


6.17 


1.61 


j 


A 1228+12 


Pustilnik et al. (2002) 


336 


0.905 


0.144 


-1.253 


-0.839 


7.84 


6.27 


1.61 


j 


VV 131 (a) 


Pustilnik et al. (2003a) 


337 


0.706 


0.490 


-0.528 


-0.346 


8.22 


6.88 


1.14 


j 


VV 531 (e) 


Pustilnik et al. (2003a) 


338 


0.677 


-0.514 


-1.876 


-1.357 


7.43 


5.95 


1.83 


j 


HS 0822+3542 


Pustilnik et al. (2003b) 


339 


0.397 


-0.264 


-1.672 


-1.292 


7.19 


5.67 


1.90 


j 


DDO 68 knot 1 


Pustilnik etal. (2005) 


340 


0.722 


-0.281 


-1.597 


-1.097 


7.42 


6.01 


1.99 




HS 2134+0400 


Pustilnik et al. (2006) 


341 


0.954 


0.160 


-1.007 


-0.839 


8.16 


6.72 


1.26 


j 


M101 NGC 5457 


Ravoetal. (1982) 


342 


0.634 


0.390 


-0.386 


-0.708 


8.48 


7.26 


0.89 


j 


M101 NGC 5461 


Rayo et al. (1982) 


343 


0.632 


0.442 


-1.037 


-0.368 


7.88 


6.18 


1.42 


j 


ESO 245-G005 c 


Saviane et al. (2008) 


344 


0.668 


0.290 


-0.509 


-0.527 


8.29 


7.11 


1.00 




M101 NGC 5447 2 


Sedwick & Aller (1981) 


345 


0.651 


0.513 


-0.505 


-0.513 


8.37 


6.97 


1.00 


j 


M101 NGC 5455 


Sedwick & Aller (1981) 


346 


0.636 


0.471 


-0.426 


-0.467 


8.22 


6.98 


1.09 




M101 NGC 5462 2 


Sedwick & Aller (1981) 


347 


0.956 


0.064 


-1.070 


-0.818 


8.12 


6.72 


1.29 


j 


M101 NGC 5471 


Sedwick & Aller (1981) 


348 


0.787 


0.212 


-0.819 


-0.666 


8.27 


6.88 


1.06 




M101 Searle 12 


Sedwick & Aller (1981) 


349 


0.967 


0.121 


-1.091 


-0.851 


8.11 


6.65 


1.32 


j 


M 101 NGC 5471 A 


Skillman (1985) 


350 


0.717 


0.477 


-0.762 


-0.319 


7.99 


6.51 


1.37 


j 


M 101 NGC 5471 B 


Skillman (1985) 


351 


0.787 


0.310 


-0.672 


-0.569 


8.11 


6.84 


1.22 


j 


M 101 NGC 5471 C 


Skillman (1985) 


352 


0.898 


0.207 


-0.917 


-0.785 


8.21 


6.78 


1.18 


j 


M 101 NGC 5471 DL 


Skillman (1985) 


353 


0.359 


-0.332 


-1.762 


-1.155 


7.24 


5.66 


1.73 


j 


I Zw 18 SE 


Skillman & Kennicutt (1993) 


354 


0.414 


-0.578 


-1.973 


-1.444 


7.13 


5.63 


1.95 




I Zw 18 NW 


Skillman & Kennicutt (1993) 


355 


0.548 


0.316 


-0.885 


-0.513 


7.73 


6.33 


1.48 




ESO 471-G06 no 2 


Skillman et al. (2003) 


356 


0.484 


0.045 


-1.213 


-0.921 


7.43 


6.03 


1.71 


j 


ESO 473-G24 no 2 


Skillman et al. (2003) 


357 


0.168 


0.624 


0.101 


-0.229 


8.49 


7.50 


0.85 


2 


M 81 no 81 


Stanghellini et al. (2010) 


358 


0.111 


0.574 


0.027 


-0.521 


8.48 


7.45 


0.83 


2 


M 81 no 123 


Stanghellini et al. (2010) 


359 


0.946 


0.240 


-1.136 


-0.690 


8.06 


6.45 


1.38 




Tol 0341-407 E 


Terlevich et al. (1991) 


360 


1.015 


-0.355 


-1.144 


-0.983 


8.19 


7.12 


1.23 


j 


II Zw 40 


Terlevich et al. (1991) 


361 


0.890 


0.320 


-0.769 


-0.585 


8.21 


6.82 


1.20 


1 


Tol 0633-415 


Terlevich et al. (1991) 


362 


0.833 


0.359 


-0.823 


-0.719 


8.26 


6.75 


1.13 




Tol 1004-296 NW 


Terlevich etal. (1991) 


363 


1.027 


-0.015 


-0.962 


-0.754 


8.17 


6.96 


1.30 




Tol 1008-286 


Terlevich etal. (1991) 


364 


0.932 


0.115 


-1.007 


-0.690 


8.09 


6.71 


1.31 




Fairall 30 


Terlevich etal. (1991) 


365 


0.831 


0.320 


-0.912 


-0.951 


8.36 


6.76 


1.04 




Tol 1 1 16-325 


Terlevich etal. (1991) 


366 


1.012 


-0.071 


-1.296 


-0.812 


8.07 


6.61 


1.39 




UM439 


Terlevich etal. (1991) 


367 


0.932 


-0.342 


-1.597 


-1.143 


7.76 


6.36 


1.68 




UM461 


Terlevich etal. (1991) 


368 


0.877 


0.212 


-1.105 


-0.754 


7.95 


6.42 


1.45 




UM 462 SW 


Terlevich et al. (1991) 


369 


1.033 


-0.105 


-1.136 


-0.936 


8.11 


6.84 


1.35 




Tol 1156-346 


Terlevich etal. (1991) 


370 


0.954 


0.119 


-0.995 


-0.710 


8.08 


6.72 


1.34 




Tol 1304-386 


Terlevich etal. (1991) 


371 


0.960 


-0.015 


-1.243 


-0.900 


7.99 


6.54 


1.44 




Tol 1400-411 


Terlevich etal. (1991) 


372 


0.764 


0.029 


-1.358 


-0.907 


7.66 


6.12 


1.68 




1249+493 


Thuanetal. (1995) 


373 


0.598 


0.372 


-0.859 


-0.333 


7.89 


6.42 


1.35 




1331+493S 


Thuanetal. (1995) 
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Table Al. Continued 



n 


logR 3 


logR 2 


logN2 


logS? 


12+log(0/H) 


12+log(N/H) 


t3 


ir 


H ii region 


reference 


374 


0.598 


0.025 


-1.358 


-0.824 


7.44 


5.94 


1.84 




1415+437 


Thuan et al. (1995) 


375 


0.810 


0.352 


-0.689 


-0.284 


8.00 


6.72 


1.38 




1533+469 


Thuan et al. (1995) 


376 


0.671 


0.023 


-1.308 


-0.818 


7.57 


6.09 


1.70 


j 


S 1415+437 1.5x5 


Thuan et al. (1999) 


377 


0.689 


-0.080 


-1.414 


-0.910 


7.59 


6.10 


1.66 


1 


S 1415+437 1.5x0.6 


Thuan et al. (1999) 


378 


0.604 


0.330 


-0.316 


-0.648 


8.39 


7.31 


0.92 


j 


M101 NGC 5461 


Torres-Peimbert et al. (1989) 


379 


0.924 


0.120 


-0.927 


-0.754 


8.18 


6.84 


1.21 


2 


M101 NGC 5471 


Torres-Peimbert et al. (1989) 


380 


0.748 


0.274 


-0.835 


-0.602 


8.13 


6.71 


1.17 


2 


NGC 55 


Tullmann et al. (2003) 


381 


0.733 


0.475 


-0.739 


-0.432 


8.13 


6.63 


1.22 




UGC 191-1 


vanZeeetal. (1997) 


382 


0.628 


0.505 


-0.511 


-0.228 


8.13 


6.81 


1.19 


! 


UGC 191-2 


vanZeeetal. (1997) 


383 


0.447 


0.482 


-0.739 


-0.165 


7.92 


6.44 


1.30 


j 


UGC 5716-2 


van Zee et al. (1997) 


384 


0.674 


0.396 


-0.872 


-0.524 


8.08 


6.52 


1.21 


! 


UGC A 357-1 


vanZeeetal. (1997) 


385 


0.720 


0.276 


-0.503 


-0.602 


8.24 


7.10 


1.06 


! 


NGC 1232 +135,+114 


vanZeeetal. (1998) 


386 


0.658 


0.561 


-0.456 


-0.279 


8.22 


6.88 


1.14 


j 


NGC 2805 -068,-079 


vanZeeetal. (1998) 


387 


0.670 


0.493 


-0.569 


-0.350 


8.26 


6.85 


1.09 




NGC 2805 +116,-098 


vanZeeetal. (1998) 


388 


0.810 


0.393 


-0.779 


-0.527 


8.07 


6.64 


1.31 


j 


IC 2458 +002,-006 


van Zee et al. (1998) 


389 


0.802 


0.090 


-1.120 


-0.783 


7.97 


6.51 


1.32 


! 


IC 2458 -033,-007 


vanZeeetal. (1998) 


390 


0.602 


0.477 


-0.571 


-0.460 


8.28 


6.86 


1.04 


1 


NGC 5457 -459,-053 


vanZeeetal. (1998) 


391 


0.283 


-0.079 


-1.399 


-1.036 


7.24 


5.78 


1.75 


j 


UGCA 292 no 1 


van Zee (2000) 


392 


0.859 


0.307 


-0.889 


-0.419 


8.00 


6.57 


1.40 


j 


UGC 685/A +006,-011 


van Zee & Havnes (2006) 


393 


0.858 


0.313 


-0.835 


-0.424 


8.03 


6.64 


1.36 


1 


UGC 685/B +006,-011 


van Zee & Havnes (2006) 


394 


0.660 


0.444 


-1.031 


-0.493 


7.95 


6.23 


1.36 


j 


UGC 1104/B +002.+007 


van Zee & Havnes (2006) 


395 


0.578 


0.503 


-0.898 


-0.346 


7.92 


6.29 


1.37 




UGC 1104/B +004,-001 


van Zee & Havnes (2006) 


396 


0.600 


0.458 


-0.641 


-0.325 


8.01 


6.64 


1.27 


j 


UGC 2023/B -008,+025 


van Zee & Haynes (2006) 


397 


0.726 


0.294 


-0.786 


-0.577 


8.04 


6.68 


1.25 


j 


UGC 2023/C -006.+022 


van Zee & Haynes (2006) 


398 


0.774 


0.235 


-0.776 


-0.616 


8.09 


6.79 


1.21 




UGC 3647/A -006,-018 


van Zee & Haynes (2006) 


399 


0.763 


0.082 


-1.186 


-0.712 


7.81 


6.34 


1.47 


j 


C 007-025/A -008.+007 


van Zee & Haynes (2006) 


400 


0.728 


0.094 


-1.128 


-0.767 


7.85 


6.40 


1.39 


! 


C 007-025/A +000,-009 


van Zee & Haynes (2006) 


401 


0.248 


-0.040 


-1.263 


-0.987 


7.33 


5.93 


1.59 


1 


UGCA 292/C +008.+012 


van Zee & Haynes (2006) 


402 


0.575 


0.288 


-0.700 


-0.238 


7.90 


6.65 


1.29 




UGC 9992/A +011,-003 


van Zee & Haynes (2006) 


403 


0.515 


0.327 


-1.007 


-0.523 


7.80 


6.24 


1.38 




UGC 1 27 13/A -001,-003 


van Zee & Haynes (2006) 


404 


0.447 


0.308 


-0.984 


-0.593 


7.61 


6.13 


1.57 




GR8 -019-019 


van Zee et al. (2006) 


405 


0.410 


0.334 


-0.903 


-0.554 


7.65 


6.21 


1.51 




GR8 +008-011 


van Zee et al. (2006) 


406 


0.441 


0.333 


-0.351 


-0.547 


8.42 


7.27 


0.85 




M33 NGC 604 


Vflchezetal. (1988) 


407 


0.790 


0.042 


-1.385 


-0.697 


7.77 


6.16 


1.54 




VCC 1313 


Vflchez et al. (2003) 


408 


0.630 


0.533 


-0.584 


-0.212 


8.07 


6.68 


1.26 




VCC 848 


Vflchez et al. (2003) 


409 


0.757 


0.462 


-0.783 


-0.521 


8.21 


6.65 


1.16 




NGC 300 no 15 


Webster & Smith (1983) 


410 


0.924 


0.090 


-0.478 


-0.570 


8.16 


7.30 


1.23 




NGC 5253 no 3 


Webster & Smith (1983) 


411 


0.888 


0.173 


-0.597 


-0.650 


8.16 


7.10 


1.21 




NGC 5253 no 4 


Webster & Smith (1983) 


412 


0.665 


0.535 


-0.514 


-0.166 


8.19 


6.83 


1.17 




NGC 5253 no 5 


Webster & Smith (1983) 


413 


0.732 


0.312 


-0.876 


-0.793 


8.32 


6.75 


1.02 




NGC3359 no 3 


Zahid & Bresolin (2011) 


414 


0.555 


0.431 


-0.575 


-0.337 


8.09 


6.77 


1.15 




NGC3359 no 13 


Zahid & Bresolin (2011) 



